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CLES? S 
COMMERCIAL ORGANIC ANALYSIS 


FOURTH EDITION 


In many respects this edition of Allen will be a new work. The 
field of Commercial Organic Analysis has been so enlarged and 
specialised during the last few years that it was found necessary to 
rewrite many parts and add much new matter. Obsolete methods 
are omitted; what little of the old text remains has been carefully re- 
vised and many new illustrations added. 

To accomplish the object in view, namely, the furnishing of a 
modern work of the greatest practical value to the analyst, it was 
deemed advisable to secure the services of an English and an Ameri- 
can editor and to organise a corps of writers particularly versed in 
the subjects discussed. Aside from those who have written for this 
volume, the following gentlemen have promised to write or revise 
articles for the forthcoming ones: J. A. Gardner, Chemical Depart- 
ment, St. George’s Hospital, London; A. Marshall, Chief Inspector 
of Explosives, Indian Army; A. H. Gill, Massachusetts Institute of 
Technology, Boston; F. C. Garrett, Armstrong College, Newcastle- 
on-Tyne; Samuel S. Sadtler, Philadelphia; C. A. Mitchell, London; 
Leonard Archbutt, Derby; C. A. Klein, London; William Robertson, 
London; W. P. Dreaper, author of ‘“‘The Chemistry and Physics of 
Dyeing”; Cecil Revis, London; Edward Horton, Chelsea; Dr. M. 
B. Blackler, Ilford; E. W. Lewis, Laughton; J. Merritt Matthews, 
formerly Professor of Chemistry and Dyeing, Philadelphia Textile 
School; Dr. T. M. Lowry, London; E. J. Parry, London; Charles H. 
LaWall, Assistant in Theory and Practice of Pharmacy, Philadelphia 
College of Pharmacy; J. T. Hewitt, Surbiton; W. M. Gardner, 
Technical College, Bradford; Percy H. Walker, Washington; A. F. 
Seeker, New York. 

The general arrangement of the volumes remains as before, only 
such changes have been made as will bring the text into line with the 
latest scientific classification. Great care has been exercised by 
the editors and contributors in the choice of methods and only those 
of the highest degree of accuracy and rapidity selected. Effort has 
been made to secure uniformity in weights and measures, nomencla- 
ture and abbreviations. References are to original sources, not to 
translations or abstracts. 

The work will be issued in eight volumes, numbered consecutively, 
and will be published as rapidly as possible. Volumes I and II are 
ready; Volumes III and IV will be published very shortly; the re- 
mainder will follow as quickly as is consistent with good work. 
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PREFACE 


In the preparation of the present volume, the same methods have 
been adopted as in the case of the first volume of this edition. The 
greater proportion of the subject matter was included in Vol. 2, 
part 1, of the third edition of ‘‘Commercial Organic Analysis,” but 
the analytical chemistry of explosives, partly included in that volume 
and partly in Vol. 1 of the same edition, will appear in a later volume. 

All parts of the book have been revised by those especially 
qualified for the work; the text has been completely rewritten, and a 
very large amount of new matter has been added. 

The editors desire to thank the contributors for the care and atten- 
tion given in the preparation of the articles. 


As usual, unless otherwise noted, temperatures are centigrade. 


March, 1910. 
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FIXED OILS, FATS, AND WAXES. 


By C. AINSWORTH MITCHELL, B. A. (Oxon.), F.-I. C. 
GENERAL PROPERTIES AND ANALYTICAL METHODS. 


Under the names of fixed oils, fatty} oils, fats, and waxes are classed 
many substances occurring in animal and vegetable structures. 

The term fixed or fatty oil is generally used for such members of 
the group as remain liquid at ordinary temperatures. Those having 
this character contain a relatively large proportion of olein or other 
compounds of low m. p., but beyond this there is no absolute dis- 
tinction between fixed oils and fats. 

The waxes possess well-defined physical characters, and differ in 
chemical composition from the true fats. They are, however, in 
many respects closely related to them, and are conveniently described 
in the same division. 

The following are the general properties characterising the true fats 
and fixed oils: 

1. When pure, most of them are colourless or pale yellow. Impure 
and commercial oils vary in colour from light yellow to red, and even 
to brown and black. Many vegetable oils have a distinct shade of 
green from the presence of chlorophyll, and show absorption spectra, 
which is never the case with oils of animal origin. 

2. Their smell and taste are often peculiar, and are characteristic of 
their origin. As these characters become less perceptible the more 
completely the oil is purified, they may be due to the presence of as- 
sociated foreign matters not readily removed, rather than to the con- 
stituents of the oil. 

3. If dropped in a liquid condition on paper they leave a perma- 
nent grease-spot, unless they are crystalline and hard enough to be 
rubbed off. 

4. They are not fluorescent and, as a rule, have but little rotatory 
action on a ray of polarised light. Castor and croton oils, however, are 
dextrorotatory. 
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5. The sp. gr. is less than that of water, ranging between the limits 
of 0.875 and 0.970; but if certain anomalous oils from marine animals 
be excluded, the lowest density is about 0.912 at a temperature of 15° C. 
In the fluid state, at the temperature of boiling water, the sp. grs. 
range from 0.850 to about o.g10. The waxes and allied substances 
are still lighter in the melted condition their sp. gr. ranging from 0.808 
to 0.845. 

6. The fusing or melting points range within wide limits, and are 
liable to modification in an obscure manner by special treatment. 

7. They are practically insoluble in water, but dissolve to some 
extent in absolute alcohol or strong spirit, especially when hot, and are 
readily soluble in ether, chloroform, carbon tetrachloride, carbon 
disulphide, benzene, petroleum spirit, turpentine, and other volatile 
solvents. They are readily miscible with one another. 

8. The fixed oils and fats are composed of carbon, hydrogen, and 
oxygen, the nitrogen, sulphur, phosphorus, and iron present in many of 
them being due to foreign matters, which often cannot be completely 
removed. 

g. They do not emit inflammable vapours at the ordinary tempera- 
ture, but may be burnt by means of a wick. They are not capable of 
being distilled at the ordinary atmospheric pressure without decom- 
position. When heated alone they darken and evolve acrid offensive 
vapours; and when further heated to about 315° carbon dioxide is 
evolved, together with the peculiarly irritating vapours of acrolein, 
C;H,O, various volatile organic acids, and gaseous, liquid, and solid 
hydrocarbons. The temperature at which this decomposition occurs 
has been improperly called the “boiling point” of the oil, the 
phenomenon of apparent ebullition being really due to the escape of the 
gases formed by the decomposition. 

ro. On distillation with superheated steam, they undergo a simpler 
decomposition, with formation of glycerol and fatty acids. This 
change may also be effected by acting on them with sulphuric acid 
or a strong base. The action is known as ‘‘saponification,” or 
hydrolysis and its analytical application is discussed in another 
section. 

11. If air is excluded, the fixed oils may be preserved unchanged 
for a lengthened period, but, on exposure to air, many of them thicken 
owing to absorption of oxygen, and are ultimately converted (if ex- 
posed in sufficiently thin layers) into a yellowish transparent skin or 
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varnish.* Such oils (e. g., linseed, walnut, hempseed, and poppy-seed 
oils) are called drying oils. 

12. The non-drying oils behave in a different manner on exposure 
to air. They gradually become rancid; that is, lose their colour (and to 
a certain extent their fluidity), and acquire an acrid, disagreeable taste, 
and acid reaction to litmus-paper. This alteration is primarily an 
oxidation process brought about by the action of air and light, and is 
accompanied by the liberation of free fatty acids and other bodies. It 
may be accelerated by the presence of foreign matters, such as the 
cellular substance of the animal or plant from which the oil was ex- 
tracted. These substances furnish nourishment for bacteria, which 
probably cause further changes when once the decomposition process 
has begun. By agitating such rancid oil with hot water, and subse- 
quently treating it with a cold and dilute solution of sodium carbonate, 
the products of decomposition may often be removed and the fat re- 
stored to its original state. 


EXTRACTION AND PURIFICATION OF FIXED OILS AND 
FATS. 


The method of extraction and subsequent treatment have con- 
siderable influence upon the analytical characteristics of the product. 
For the extraction of oils and fats from animal tissues it is often sufficient 
to allow the material (e. g., cod liver) to become somewhat putrid, 
when some of the oil drains from it, or may be obtained by slight 
pressure. A further quantity can be extracted by warming or boiling 
the tissue with water, as is done with blubber. In the case of lard and 
tallow, it is merely necessary to heat the substance alone, and strain 
the melted fat away from the membranous matter. From compact 
tissue, such as bone, the whole of the fat can be extracted by a solvent 
only. 

The extraction of the fat or oil from vegetable tissue may be effected 
by boiling the crushed substance with water or by subjecting it to 
powerful pressure, either at the ordinary temperature or between plates 
heated to slightly above the m. p. of the fat. The product obtained in 
the last manner will usually contain more ‘‘stearin” or solid fat than 
the ‘‘cold-drawn” oil. In either case’a certain quantity of the fat is 


1 Under certain conditions, as when cotton-waste, shoddy, or hemp is moistened with 
oil and exposed to the air, the oxidation of the oil becomes so energetic as to lead to con- 
siderable elevation of temperature, and even actual inflammation (see p. 38). 
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mechanically retained by the tissues, and hence a larger yield can be 
obtained by the use of carbon disulphide or petroleum spirit, which, 
on being distilled off, leaves the fat behind. 

The proportion of oil or fat yielded by any particular material de- 
pends on many conditions. 

Tables of the yields usually obtained from different seeds, nuts, etc., 
are given in Schaedler’s Untersuchungen der Fette, Oele und Wachsarten, 
1892, p. 25, and in Wright and Mitchell’s 
Oils, Fats and Waxes, 1903, 297. 

Oils obtained by the use of solvents are 
more likely to contain impurities than those 
obtained by pressure. 

Estimation of Oils and Fats.—In the 
laboratory, the estimation of the oil in 
solid animal and vegetable matters is 
effected by treating the finely divided and 
previously dried substance? with a suitable 
solvent under such conditions as to ensure 
complete extraction. Carbon disulphide or 
petroleum spirit may be employed for the 
purpose, but ether or carbon tetrachloride 
is, as a rule, preferable. 

The exhaustion of seeds, bones, shoddy, 
oil-cakes, milk residues, etc., by simply 
digesting the substance with the solvent at 
the ordinary temperature, with frequent 
agitation, in a closed flask, is unsatisfactory, as it requires a consider- 
able quantity of the solvent, of which a notable proportion is likely to 
‘be lost. The apparatus devised by Szombathy (see Vol. 1, p. 77) 
obviates these drawbacks. The substance to be exhausted of oil is 
enclosed in a plaited filter or cylinder of filter-paper; or if it be 
coarse, it is sufficient to place it loose in a large test-tube having an 
aperture at the bottom closed by a plug of glass-wool. 

A very simple and convenient form of exhauster, adapted either for 
extraction or re-percolation, has been described by Dunstan and Short 
(Pharm. J., [3], 1882, 13, 664). 

A form of exhauster (Fig. 1), suitable for the extraction of very 


iste, ot 


_\ In the case of linseed and other substances containing drying oils, the desiccation must 
either be omitted or conducted in an atmosphere of hydrogen or illuminating gas. 
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small quantities of material, was devised by West-Knights (Analyst, 
1883, 8,65). Ithas the advantage of being readily constructed in the 
laboratory. A percolator is made by cutting off the bottom from a 
test-tube of suitable size, and blowing a hole or two (A A) in the side 
of the tube about an inch from the top. A disc of filter-paper -or fine 
cambric (B) is tied over the lower end of the tube. The substance to 
be extracted is placed in the tube, and kept in 
its place by some glass-wool or a perforated 
disc of metal, and the tube with its contents 
then fixed by a cork to the lower end of the tube 
of a vertical condenser (C). This is fitted by a 
larger cork (D) to the neck of an ordinary flask 
containing the volatile solvent. On heating 
the flask the vaporised solvent passes through 
the holes in the side of the test-tube up into the 
tube of the condenser, where it is liquefied. 
The condensed liquid drops back into the test- 
tube, percolates through the substance to be 
extracted, and falls to the bottom of the flask, 
to be again volatilised. As the percolator is 
inside the flask, its contents are kept constantly 
at the b. p. of the solvent, and, the action being 
continuous and automatic, very rapid exhaus- 
tion may be effected. 

Other forms of exhauster have been con- 
trived by Church, Drechsel, Angell, Thoms, 
ebreshea( Pharm ©J.,° [3], «1884, <5, 281); 
Frithling (Zeit. angew. Chem., 1889, 242). 
(See also Vol. 1.) 

To recover the oil from its solution in the ether or other liquid em- 
ployed, the solvent should be distilled off at a steam-heat, and the last 
traces of it removed by placing the flask on its side and heating it in the 
water-oven until constant in weight. In some cases the complete re- 
moval of the solvent is best effected by blowing a gentle stream of air, 
previously filtered through cotton-wool, through the flask while it is 
maintained at a temperature of 100°. 

Large quantities of material may be readily extracted in the ap- 
paratus (Fig. 2), which is constructed on the principle of the Szom- 
bathy extractor. 


FIG. 2. 
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In the case of liquids containing oil in the form of emulsion, a separa- 
tion may often be effected by agitation with ether. For the extraction 
of unsaponifiable matter Forster has devised an apparatus which is 
figured and described in Vol. 1, page 82. 

Purification of Oils.—The methods used in the refining and puri- 
fication of crude oils have often considerable influence upon the analy- 
tical characteristics of the final products. 

Action of Heat.—Simple application of heat may effect coagulation 
of protein impurities in an oil. 

Mechanical Attraction and Filtration —Substances such as Spanish 
clay, fuller’s earth, and the like are used as mechanical precipitants of 
the suspended matter in oils. The clarified oil, which is not chemi- 
cally altered by this treatment, is subsequently decanted or passed 
through a filter. : 

Treatment with Acids.—Rape, linseed, and some fish oils are fre- 
quently refined by treatment with a small proportion of sulphuric acid, 
which chars the impurities and causes them to subside without 
materially attacking the oil itself. The objection to the process is that 
traces of free mineral acid may remain, even after the subsequent 
washing with water, and, if the oil is used as a lubricant, may lead to 
corrosion of bearings, etc., or to charring of the wick in the case of 
lamp oils. ‘Treatment with sulphuric or hydrochloric acid is also em- 
ployed in the removal of the lime which is present in bone fat. 

Treatment with Alkalies—Certain oils, notably cottonseed, olive, 
and sperm oils, are frequently purified by treatment with a solution of 
caustic soda, the quantity of which depends upon the amount of free 
fatty acids and impurities to be removed. Cottonseed oil contains a 
notable proportion of a resin-like substance which gives a blue colora- 
tion with the alkali. Ammonia, sodium carbonate, magnesium car- 
bonate, milk of lime, and sodium peroxide are also employed in certain 
refining processes. Oils, which have been treated with alkali usually 
contain a much smaller amount of free fatty acids than even the 
freshly-expressed crude oils, and cottonseed oil used for cooking pur- 
poses is often practically neutral. 

Treatment with Oxidising Agents.—Fish oils are purified, and to 
some extent deodourised, by treatment with a current of steam followed 
by a current of hot air. Excessive treatment of this kind will alter 
the character of the oil itself, so that it becomes heavier and more 
viscous, and acquires other characteristics of “oxidised” or “blown”? 
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oils (q. v). Palm oil is bleached by hot air in a similar fashion. Of 
chemical oxidising reagents mention may be made of dichromate and 
mineral acid (used in the purification of palm oil), manganese dioxide 
and hydrochloric acid, and hydrogen peroxide. Wax bleached by 
chlorine is apt to contain chlorine fatty compounds, which are de- 
composed with the liberation of hydrochloric acid when the wax is 
subsequently burnt in the form of candles. 

Chemical Precipitants.—Protein impurities in fish oils and other 
oils may be chemically precipitated by means of tannin or solutions of 
metallic salts capable of combining with them. 

For details of these and similar methods of clarifying, bleaching, and 
deodorising oils see Alder Wright and Mitchell’s, Oils, Fats, and Waxes, 
1903, 310. 

Purification by *Pressure.—Hydraulic pressure is widely em- 
ployed for separating the solid from the liquid constituents of oils. 
The solid fats thus separated are commercially known as “stearin,”’ 
though, as arule, they are far from approximating in composition to the 
triglyceride of stearic acid. Similarly, the liquid expressed oils are 
conveniently termed ‘‘oleins,” though of very complex composition. 
The following are some of the chief instances in which commercial fats 
and oils are separated by pressure into solid and liquid portions. 


Original oil Liquid product Solid product 
Olive oil. Purified olive oil. Olive oil stearin. 
Cottonseed oil. Purified cotton oil. Cotton oil stearin. 
Coconut oil. Coconut olein. Coconut stearin. 
Tallow. Tallow oil. Tallow stearin. 
Lard. Lard oil. Lard stearin. 
Whale oil. Purified whale oil. Whale stearin. 
Sperm oil. Purified sperm oil. Spermaceti. 


CONSTITUTION AND CHEMICAL PROPERTIES OF FATS, 
OILS, AND WAXES. 


The fats, fixed oils, and waxes are esters of a series of acids mostly 
monobasic and called, from their sources, the fatty acids. The natural 
fats and fixed oils are all esters of the triad radicle, .CH,.CH.CH,. 
Their composition may be expressed by the general formula C;H,A,, 
in which A is a radicle of some acid. From the fact that the radicle 
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C;H, occurs in glycerol, it is generally called glyceryl or glycyl, and 
the esters are usually called glycerides. 

The fatty acids most commonly forming esters with the glyceryl radicle 
in natural fats and oils are those belonging to the series with the general 
formule, C,H.,O. (acetic or stearic acid series); C,H,, —,O, (oleic 
acid series); C,,H,,,—4O>, (linolic acid series); C,H. —6O, (linolenic 
acid series), and C,,H,,, —2O; (ricinoleic or hydroxyacrylic acid series). 

Glyceryl stearate, C,H;(CigH;;0.)3; = Cs,Hi:.06, is known as 
tristearin, or stearin; it is probably the chief constituent of beef and 
mutton tallow. In like manner olein is probably the principal com- 
ponent of almond, olive, and lard oils, and palmitin of palm oil. 
Esters of linolic acid are main constituents of cottonseed and maize 
oils, while the esters of linolenic and isolinolenic acid form an impor- 
tant part of linseed oil, and that of ricinoleic ‘acid of castor oil. 
Olein, linolein, and linolenin, being liquid, predominate in oils, while 
stearin and palmitin are more abundant in solid fats. 

The view formerly held that the natural esters rarely contain more 
than one acid radicle requires modification, since it has been shown 
that mixed glycerides, in which the acid radicles are not all of the same 
kind, are present in numerous fats. Thus Heise (Arbeit a. d. Kaiserl. 
Gesundheitsamt, 1896, 540) and subsequently Henriques and 
Kiinne (Ber., 1899, 32, 387) isolated oleo-distearin from the fat of the 
seeds of the East African tallow tree (Stearodendron Stuhllmanni), and 
the bromides of mixed glycerides were separated by Hehner and Mitchell 
(Analyst, 1898, 23, 317) from linseed oil, walnut oil, and marine animal 
oils. The separation and behaviour of these bromides is a valuable 
test for distinguishing between different classes of oils, as is shown in a 
subsequent section. 

The waxes proper contain the esters of higher alcohols of the methyl 
series. Thus spermaceti consists chiefly of cetyl palmitate, C,¢H,,- 
C,6H,,0,, whilst Chinese wax, beeswax, and carnaiiba wax contain 
still higher radicles. Sperm oil and bottlenose oil are chiefly 
composed of substances having a constitution similar to that of 
the waxes. 

In addition to the esters which constitute the essential portions, 
most natural fats, oils, and waxes contain more or less of free fatty 
acids, and small proportions of colouring, odorous, resinous, and other 
matters, to which the characteristic colours, smells, and tastes are 
mostly due. Small proportions of cholesterols or phytosterols are also 
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present, and their separation affords a means of distinguishing between 
oils of animal and of vegetable origin. 

Free fatty acids in natural fats and oils are usually products of 
decomposition, accelerated by the presence of mucilaginous or pro- 
tein matters. Ordinary butter, which contains casein, readily turns 
rancid and then contains free butyric acid; but if all casein and water 
are removed by melting and filtering the butter, the butter-fat may 
be kept unchanged for a much longer time. Over-treatment with sul- 
phuric acid in the process of refining oils often results in the formation 
of free fatty acids. Commercial oils which have been refined by this 
process are apt to retain traces of free mineral acid. 

Acid Value.—The proportion of free fatty acids is best ascer- 
tained by shaking a weighed quantity of the fat with warm alcohol 
and titrating the solution with a standard alkali solution, with phenol- 
phthalein as indicator. 

An accurately weighed quantity of the sample, ranging from 5 grm. 
of fatty acid to 50 grm. of an ordinary oil, is introduced into a flask or 
bottle furnished with a glass stopper, and from 50 to too c.c. of pure 
neutralised alcohol containing a little phenolphthalein in solution is 
added and raised to the boiling-point by immersing the bottle in hot 
water. ‘The contents are thoroughly agitated to effect as complete a 
solution of the fatty acids as possible. If the sample of oil is wholly 
free from acid, the pink colour of the alcohol willremain unchanged, but 
otherwise it will disappear. In the latter case, a N/2 solution of 
sodium hydroxide is added in small amounts to the warm contents of 
the flask, which is shaken thoroughly after each addition until the 
pink colouration persists. The reaction is as well defined and 
the neutralisation point as easy to perceive as in the titration of 
mineral acids; but owing to the very high combining weights of the 
fatty acids, great care is necessary. Thus 1 c.c. of N/2 alkali used 
corresponds to 0.128 of palmitic, 0.142 of stearic, or 0.141 grm. of 
oleic acid. For determining small proportions of free acid, it is de- 
sirable to employ decinormal alkali, while in the case of samples con- 
taining much free acid the quantity taken for the assay should be cor- 
respondingly reduced. ‘The result is usually expressed in terms of the 
number of mg. of potassium hydroxide neutralised by 1 grm. of the 
fat, and is termed the Acid Value. 

If the mean equivalent weight of the free fatty acids be known, their 
percentage may readily be calculated from the acid value. For this 
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purpose it is often assumed that the free fatty acids in oils consist solely 
of oleic acid, and since 282 parts of oleic acid are equivalent to 56.1 
parts of potassium hydroxide, the percentage of free fatty acids 
(expressed as oleic acid) is obtained by multiplying the acid value by 
the factor 0.502. 

The amount of free fatty acids in commercial oils is often very con- 
siderable. Thus in palm oil the free acid, calculated as palmitic acid, 
usually ranges from 12 to nearly 80%. In 89 samples of olive oil in- 
tended for lubricating use, Archbutt (Analyst, 1884, 9, 171) found 
from 2.2 to 25.1 of free (oleic) acid, the mean being 8.05%. In 
the superior grades of olive oil the proportion of free acid is much 
smaller. In rape oil the percentage of free acid is generally from 
1.5 to 6%; but cottonseed oil, which is refined by means of alkali, is 
generally free from any trace of acid. 

The influence of free acid in an oil upon its tendency to act upon 
metals is considered in the section on ‘‘ Lubricating Oils.” 

In the case of fats of a dark colour sharper readings may be obtained 
by the use of the indicator, known as Alkali blue 6 B (red with alkalies) 
in place of phenolphthalein. About 2 c.c. of a 2% alcoholic solution 
are added. 

In determining the acid value of artificially coloured fats the dyestuff 
must, if possible, be removed before the titration by treatment with a 
suitable solvent, such as 80% alcohol or petroleum spirit, which in some 
cases dissolves the fat and leaves the dyestuff (e. g., nigrosine in 
leather fats). Sometimes the dyestuff may be removed by shaking an 
ethereal solution of the fat with dilute hydrochloric acid, and washing 
the residual fat solution with water. Or the petroleum spirit solution 
of the fat may be thoroughly shaken with a measured quantity of N/10 
alcoholic sodium hydroxide solution, and the aqueous layer subse- 
quently titrated with standard hydrochloric acid until colourless to 
phenolphthalein. 

Saponification of Fixed Oils.—Faity oils heated with water under 
a pressure of 8 to 12 atmospheres or distilled with superheated steam 
are hydrolysed into fatty acids and glycerol. This method of decom- 
posing fats is employed in the industrial production of fatty acids and 
glycerol. 

Many natural oils and fats are partially hydrolysed into fatty acids 
and glycerol probably by the action of air and light and possibly 
bacterial action in presence of traces of albuminous or other foreign 
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matter. The free fatty acids often present in commercial palm oil, 
olive oil, and tallow are due to this cause. 

The lipoclastic enzymes present in castor and other oil seeds are 
also capable of effecting the hydrolysis of fats in the presence of dilute 
acid and water, as was shown by Connstein, Hoyer, and Wartenberg 
(Ber., 1902, 35, 3989). 

Hydrolysis occurs when a fatty Ay is heated to 110°, with about 8% 
of concentrated sulphuric acid. On washing the product with hot 
water, the sulphuric acid and glycerol are removed; and the fatty acids 
separate in the form of an oily layer. 

An analogous action takes place when a fat or oil is treated with 
basic oxides or hydroxides. The change occurs more readily with 
some oils than with others, and is promoted by heat and by using 
alcohol or glycerol as a solvent for the alkali. A salt (soap) of the fatty 
acid is produced, glycerol being likewise formed. The soaps pro- 
duced by potassium, sodium, or ammonium hydroxide are soluble in 
water, but most other soaps are insoluble. 

Waxes yield soaps and a monatomic alcohol, instead of glycerol. 
The decomposition is usually difficult. 

When an ester is split up into an acid and an alcohol, the change is 
usually called ‘‘saponification,” no matter whether the agent effecting 
the change is water, an acid, ora base. The term is even extended to 
the decomposition of esters that do not yield fatty acids. It is evident, 
therefore, that the saponification of fixed oils is a definite chemical 
action, precisely analogous to the decomposition of the ordinary salts. 

The table on page 12 gives the molecular weights and proportion of 
fatty acids and glycerol theoretically obtainable from pure triglycerides 
and other esters of common occurrence. 

Hence it appears that the majority of fats and oils yield, on saponifi- 
cation, from 95 to 96% of fatty acids, and about 10% of glycerol. 
The esters of butyric, valeric, or lauric acid contained in butter-fat, por- 
poise, and coconut oils, respectively, yield a larger proportion of 
glycerol, while rape oil, containing an ester of erucic acid, yields a 
smaller proportion. 

The waxes yield much smaller proportions of fatty acids, and, in- 
stead of glycerol, give large proportions of alcohols of the C,H,,4, 
series, as solid bodies insoluble in water. The nature and proportion 
of the products of saponification sharply distinguish sperm and bottle- 
nose oils from all other fixed oils of commercial interest. 
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a saponification of 
aa roo parts 
Esters Chief sources Formula oF nee 
OB 
Fatty 
a Bead Glycerol 
Glycerides zi 
Algal oyehenypchs rane Pome cae Butter-fat..... C3H5(C4H7O2)3 302 87.44 30.46 
die Kigali atel aaerice Bere Porpoise oil,| CsHs(CsH9O2)3 344 88.96 26.77 
whale oil. | 
“ballvebats) aoe on 6 crane «Coconut oil,| CsHs(Ci2H2302)3 638 94.04 14.42 
palmnut oil 
‘vats lbectinbeln GAO ee boo Palm oil, lard. .| C3sHs(CisH3102)3 806 95.28 II.4I 
| 
Uristea vine eeeis cue cele) < Tallow, lard,|} C3sHs(CisH3sO2)s 890 | 95.73 10.34 
cacao butter. | 
EriOlein Gac.cts Mien e liar Olive oil, al-| C3Hs(CisH3302)3 884 95-70 10.40 
mond oil, lard 
oi 
Wier iui: ecapstanisver serene Rape oile.acws: C3H5(C22H4302)3 | ros2 96.39 8.75 
Ubalbbaobia 466m corto wt Maize oil, cot-| CsHs(CisH3102)3 878 95.67 10.48 
ton-seed oil | 
Drificimolein v.\trteerets Castor oil......} C3Hs(CisH3303)3 932 95.92 9.88 
Erilimolenin' ys. nae Linseed oil and) C3sHs(CisH29O2)3 872 95.64 10.55 
drying oils 
Mon- 
atomic 
alcohol. 
Cetyl palmitate... .. 5% Spermaceti....| CisH33.CisHs102 480 53.33 50.42 
Myricyl palmitate...... Beeswax...... C30H61.CisH3102 676 37.87 | 64.79 
Cerylicerotatel. ire onc ee Chinese wax...| Co7H55.C27H5302 788 52.03 50.25 
Dodecyl oleate ........ Sperm oil......| Ci2H25.CisH3302 450 62.67 36.88 
Dodecyl doeglate...... | Bottlenose oil. . | Ci2Ho5.CigH 3502 464 63.79 35.78 


The nature of the fatty acids produced on saponification is of im- 
portance in distinguishing the various fixed oils, as is shown in the 
description of their individual characteristics. 

Theory of Saponification with Alkali.—Geitel (J. pr. Chem., 
1897, 163, 429; 1898, 165, 113) concluded from mathematical con- 
siderations that in the saponification of triglycerides with alkali, 
diglycerides and monoglycerides were formed as intermediate products. 
Thus where R represents a fatty acid radicle these stages may be 


represented: 
Normal triglyceride Diglyceride Monoglyceride 
ars ined iso 
CH.OR CH.OR CH.OH 
| 
CH,.OR CH,.OH CH,.OH 


ALCOHOLYSIS OF FATS. 13 


This view was opposed by Henriques (Zeit. angew. Chem., 1808, 
697). Subsequently Lewkowitsch (Ber., 1900, 32, 89; 1906, 39, 
4095; J. Soc. Chem. Ind., 1903, 22, 596) has brought experimental 
evidence in support of Geitel’s view, whilst the opposite view is main- 
tained by Fanto (Monatsh., 1904, 25, 919; 1907, 28, 383; Amnalen, 
1907, 351, 532) and by Marcusson (Ber., 1906, 39, 3466). The question 
must still be regarded as unsettled. 

In saponification with alcoholic alkali the ethyl esters of the different 
fatty acids in a fat are formed as intermediate products, and their 
separation by distillation affords a means of distinguishing between 
different oils and fats. 

Alcoholysis of Fats.—When glycerides are subjected to the action 
of an alcohol containing a small quantity of an acid they are decom- 
posed in a manner analogous to the hydrolysis effected by water in the 
presence of acid. A useful method of estimating the composition 
of fats has been based on this reaction by Haller (Compt. rend., 1906, 
143, 657) who describes the process as ‘‘alcoholysis.” 

About 100 grm. of the dried fat are heated on the water-bath with 
200 grm. of, e. g., methyl alcohol, to which has been added 1 or 2% of 
dry hydrochloric acid, fresh additions of acidified methyl alcohol be- 
ing made, if required, until the mixture appears homogeneous. It is 
then treated with a large volume of water or salt solution, which retains 
the excess of methyl alcohol and the glycerol from the fat, while the 
methyl esters of the fatty acids rise to the surface. These may then be 
separated by fractional distillation and the fatty acids in the distillates 
separated and identified. In the case of the methyl esters of butyric, 
caproic, and caprylic acids the distillation may be carried out at the 
ordinary temperature but from 194° (the b. p. of methyl caprylate) 
upward reduced pressure is necessary. The method gives good results 
up to lauric acid, but the separated esters of myristic, palmitic, and 
stearic acids always retain some methyl oleate. The latter may be 
separated by chilling the fractions with ice and draining the crystals on 
a porous tile with the aid of a pump. 

By this method Haller and Youssoufian (Compt. rend., 1906, 173, 
803) found coconut oil to contain caproic, caprylic, lauric, myristic, 
palmitic, stearic, and oleic acids; whilst Meyer (Chem. Zeit., 1907, 31, 
793) found cottonseed oil to consist chiefly (up to 70%) of palmitin, 
with the glycerides of oleic, linolic, and probably stearic and arachidic 
acids. 
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Saponification in Analysis.—The most convenient method of 
saponifying oils, etc., for the further examination of their constituents 
is by treatment with an alcoholic solution of potassium hydroxide and 
subsequent evaporation of the alcohol: 

An alcoholic solution of alkali is prepared by dissolving 80 grm. of 
potassium hydroxide in 1000 c.c. of strong alcohol, which has been 
previously redistilled with a little alkali. It is desirable to dehydrate 
the spirit by keeping it over a large excess of dry potassium carbonate. 
About 5 grm. of the clarified fat or oil are weighed in a 4-0z. wide- 
necked flask, treated with 25 to 30 c.c. of the solution of alkali in 
spirit, and the flask closed with a cork fitted with a long tube. The 
flask is heated over boiling water, and as soon as the spirit boils the con- 
tents are mixed by circular agitation. In most cases the whole of the 
oil will rapidly disappear, forming a clear solution of soap, which may 
be further heated for a short time with occasional agitation to ensure 
complete saponification of the fat. The cork is then removed and 
the alcohol evaporated. In the presence of unsaponifiable oil the 
contents of the flask should be allowed to boil until nearly dry, and the 
residue treated with 25 c.c. of spirit, and again boiled down. When 
there is no danger of loss of hydrocarbon oils or esters of lower 
fatty acids by incautious treatment, the saponification and subsequent 
evaporation may be satisfactorily conducted in a hemispherical porce- 
lain basin, placed over a small naked flame. The mixture is well 
stirred with a glass rod, and kept gently boiling until the alcohol is 
nearly driven off and the residual liquid froths strongly. By this time 
the whole of the oil should have disappeared, but, if incomplete saponi- 
fication is suspected, ro c.c. of alcohol may be added, and the evapora- 
tion repeated. 

To ensure the saponification of butter fat, codliver oil, the waxes, 
and other substances difficult to decompose, it is better to place the 
sample and alcoholic solution in a strong 200 c.c. bottle, closed by an 
India-rubber stopper firmly fastened by wire. The bottle is then kept 
at 100°, and frequently agitated during half an hour, or until no glob- 
ules of oil can be seen, after which it is opened, and the contents 
rinsed into a basin and evaporated over boiling water till the alcohol is 
expelled. Special precautions for ensuring the saponification of waxes 
are described in the section on ‘‘ Beeswax.” 

Saponification Values of Oils. Koettstorfer’s Process.—The 
saponification of fatty oils being a perfectly definite reaction, not only 
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can the proportions of fatty acid and glycerol produced from any 
particular ester be calculated, but the proportion of alkali required for 
the saponification can be similarly ascertained from the general equa- 
tion: C,H,A+3KHO=C,H,(OH),+3KA. Conversely, if the pro- 
portion of alkali required to effect the saponification of a particular 
oil be accurately determined by experiment, the nature of the ester 
present can be inferred. From the above equation it appears that 1 
molecule of a glyceryl ester requires 3 molecules of alkali for saponifi- 
cation. The number of parts saponified by 1 molecule of alkali will 
therefore be 1/3 of the molecular weight; but in the case of the ester 
of a monatomic alcohol, the number will be identical with the molecu- 
lar weight. This figure, which really represents the number of grm. 
of an oil saponifiable by one equivalent in grm. of any alkali, or, in 
other words, the number of grm. of an oil which would be decomposed 
by 1,000 c.c. of a normal solution of any alkali, is conveniently desig- 
nated the “‘saponification equivalent” of an oil, and may in all cases be 
found by dividing the percentage of potassium hydroxide required for 
saponification into 5610, or the percentage of sodium hydroxide into 
4,000. 

It is now customary, however, to express the results of this test in 
terms of the number of mg. of potassium hydroxide required for the 
complete saponification of 1 grm. of a fat or wax, this being known as 
the saponification value. ; 

The estimation of the saponification value of an oil is best effected 
in the manner described by Koettstorfer (Zeit. anal. Chem., 1879, 18, 
199), who applied it originally to the analysis of butter: 

From 1.5 to 2 grm. of the sample, accurately weighed, are treated 
with 25 c.c. of approximately N/2 solution of potassium hy- 
droxide in alcohol,! in a flask fitted with a long vertical tube. The 
flask is heated on the water-bath for about 1/2 hour, or until complete 
solution of the fat takes place, and the saponification is judged to be 
complete. The operation is greatly expedited by subjecting the con- 
tents of the flask tofrequent agitation. 1c.c.of 1 % alcoholic solution of 
phenolphthalein is then added, and the liquid titrated with N/2 
hydrochloric acid; 25 c.c. of the potassium hydroxide solution, very 
carefully measured, should then be similarly treated without addition of 
fat, and titrated with hydrochloric acid in the same way as before. 

1The alcohol employed for making the solution should be previously dehydrated by 


keeping it over an excess of dry potassium carbonate. Methylated spirit may be used if 
it is first distilled with a little potassium hydroxide. : 
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The difference between the volumes of standard acid used in the 2 
estimations gives the number of c.c. corresponding to the alkali 
neutralised in saponifying the oil. Each c.c. of N/2 c.c. hydrochloric 
acid (=18.25 grm. HCl per r1ooo c.c.) thus employed represents 
0.02805 of KOH, whence the number of mg. of potassium hydroxide 
required to saponify 1 grm. of the oil can readily be ascertained. 

The saponification equivalent of the oil is found by dividing the 
weight of the sample employed, expressed in mg., by the number of 
c.c. of N/z (not N/2) acid corresponding to the alkali neutralised by 
the oil. If the percentage of potassium hydroxide required is known, 
the saponification equivalent can be found by dividing this percentage 
into 5610. 

It is essential that the alcoholic alkali should be as free as possible 
from any colour, since any brown or yellow tint affects the sensitiveness 
of the acid reaction with phenolphthalein. The saponification and 
titration should be conducted with as little access of air as possible, 
since the action is influenced by the presence of carbonic acid. 

It is absolutely necessary to ascertain the strength of the alcoholic 
alkali from day to day, as such solutions rapidly alter, and the mere 
heating is liable to cause a slight change in the neutralising power. 
Standard sulphuric acid cannot be conveniently substituted for the 
hydrochloric acid recommended for the titration, as its employment 
causes a precipitation of sulphate, which masks the end-point. 

In the case of waxes the nature and amount of unsaponifiable matter 
renders saponification more difficult, and it is necessary to boil the 
substance for at least an hour over a flame protected by wire-gauze 
with an excess of 2N. alcoholic alkali prepared with alcohol of 96 to 
98% strength. To prevent dissociation it is advisable to add. 20 c.c. of 
neutral alcohol to the liquid before titration. 

Cold Saponification.—The method of cold saponification devised 
by Henriques (Zeit. angew. Chem., 1891, 721) may sometimes be found 
of use for oils and fats, though it is not satisfactory in the case of waxes. 
From 3 to 4 grm. of the fat are dissolved in 25 c.c. of light petroleum 
and treated with 25 c.c. of N/z alcoholic alkali solution, a blank 
estimation being simultaneously made. Both flasks are closed, 
shaken, and allowed to stand for 12 hours at the ordinary temperature, 
after which the excess of alkali is titrated with standard hydrochloric 
acid. 

The following table gives the saponification values and saponification 
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equivalents of the chief esters occurring as constituents of the natural 
fats and oils. 

As already stated, the saponification-equivalents of the monatomic 
esters are identical with their molecular weights, while those of the 
glyceryl esters are one-third of their molecular weights. 


: Saponifica- 
Substance Chief sources soe tion 
tion value F 
| equivalent 
| | 
JEWEL AGRRItAY, yrs. Bees Co 5 gtho miners Butteretaternn ce sees ees [Bae 100.67 
F Porpoise, dolphin, | | 4 | 
W Aleit anette sinee ee oes! Rae ete bey } | 489.2 114.67 
LIER Bel WO Se tree eae ORNL Oe Coconut and et | 263.8 212.67 
TUL EROL| Seater | 
almnitineeeer acest cnc Palmcoils larder: 208.8 * 268.67 
. Tallow; lard; cacao 
St Atlh eee ns Soc ot 1 Fiche oe: ¥ ‘s } 189.1 290.67 
PAA Cl Gi talent neva sicrayte ete Arachis" Oilers tear 172.7 324.67 
: Olive, almond, and 
Olleinyyscnsnse te ae aes { jana es ie \ 190.4 204.67 
[Sine bel, oa.cery earn ce Rapeloilie tetag aes 160.0 350.67 
IEA SIXO) Nia Stacsteteee erecceaeaaiain Cottonseed, maize oils. 212.0 | 264.67 
Linoleini : ; 
Tesunclonin \ Shen oes Bipseed' ols ey 191.7 292.67 
Ricimolelninn.: ati.ci tee Castor olla e es oe 180.6 310.67 
@ety palmitate ssn. oc. - SPCEMACCU eT etre oe 116.9 480 
Myricyl palmitate........ Bees wart, satis setter 83.0 676 
Genyicerotates res an +. WnGhinese waxe aan npieon Te | 788 
Dodecatyl oleate......... Sperm Oll sway. tases ene: 124.7 | thas 
~Dodecatyl doeglate....... Bottlenose oil... 55. 120.9 464 


Since the natural oils met with in practice do not consist of a single 
ester in a state even of approximate purity, the saponification values of 
ordinary oils and fats are the resultants of the values of their constituents, 
and therefore show less pronounced differences than do the pure esters. 

Nevertheless, the peculiarity of constitution of many of the natural 
fats and oils is indicated by the results of this test. Thus rape oil and 
similar oils containing erucin have low saponification values, whilst, on 
the other hand, butter fat, containing butyrin and other glycerides of 
lower fatty acids gives high values. 

The probable saponification values of oil and fats of commercial im- 
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portance will be found in the tables on pp. 69-73. From the 
figures there given it will be seen that glyceridic oils and fats may be 
roughly classified into 3 groups in accordance with their saponification 
values: 1. Those with low values (169 to 181, usually about 175), such 
as castor oil and members of the rape-oil group. 2. Those with 
medium values (183 to 196), such as the majority of fats and oils; 
and 3. Those with high values due to the presence of lower fatty 
acids, such as members of the coconut-oil group, butter-fat, and cer- 
tain marine-animal oils (group X). The waxes (Group XII) and 
sperm oil have exceptionally low saponification values indicative of 
their peculiar composition. 

Since hydrocarbon oils do not interact with alkali the proportion of 
such oils in admixture with fatty oils may be deduced from the saponi- 
fication value of the mixture. Thus if a sample of so-called linseed oil 
has a saponification value of only 9.5 instead of about 190, it may be 
assumed to contain approximately 95% of hydrocarbon oil. 

Separation of the Products of Saponification.—The solution of 
soap, freed in the foregoing manner from alcohol, should then be 
diluted with warm water till it measures 70 to 80 c.c. A perfectly 
clear solution will usually be obtained if a pure oil has been used and 
the process has been successfully conducted, but waxes and mixtures 
containing /ydrocarbons and other foreign matters will give a solution 
containing solid matter or oily globules in suspension. These ad- 
mixtures may usually be removed and estimated by agitating the soap 
solution in a glass separator, with an immiscible solvent, ether being the 
most generally suitable for the purpose.t The ethereal layer is then 
separated, evaporated, and the residue weighed. The best method 
of manipulation is described later. Cholesterol and other unsaponi- 
fiable substances are present in small proportion, even in the purest 
fatty: oils.? 

If ether has been employed, it should be removed by keeping the 
soap solution at a gentle heat for some time. On then treating the 


10wing to the limited solubility of myricyl alcohol in most solvents, the method described 
in the text is attended with practical difficulties in the case of beeswax and carnaiiba wax, 
though it is admirably adapted for the analysis of spermaceti. If the removal of the sepa- 
tated higher alcohol by an immiscible solvent be found impracticable, the solution of the soap 
should be treated with acetic acid in quantity just sufficient to destroy the pink coloration 
produced by phenolphthalein, and the solution treated with lead acetate. The precipi- 
tate should be washed, dried, mixed with sand, and the wax-alcohol dissolved in boiling 
petroleum spirit. 

In rigidly accurate experiments it is desirable to treat the unsaponified residue in the 
same manner as the original oil, as traces of fat are liable to escape saponification by a 
single treatment. If the residue left on evaporating the ethereal solution be treated with a 
little hot alcohol, the solution filtered hot, and the filtrate cooled, and, if necessary, allowed 
to evaporate spontaneously, crystalline plates of cholesterol will often be deposited. 
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‘solution with an acid, dilute sulphuric acid being generally preferable, 
a milky precipitate is produced, which, on warming the liquid, will 
collect into globules and form an oily layer on the surface. This layer 
consists of the fatty acids produced from the oil. These acids differ 
from the original esters in being soluble in alcohol, the solution having 
an acid reaction, and decomposing the carbonates of the alkali metals, 
liberating carbon dioxide and forming soaps. 

The higher fatty acids are almost wholly insoluble in water and not 
sensibly volatile at 100°, but from butter-fat, coconut oil, palmnut 
oil, porpoise oil, and some others a notable amount of the lower fatty 
acids is obtained, and hence the acids from these sources are partially 
soluble in water and capable of distillation with water at 100°. 

For obtaining these soluble or volatile acids from oils, the soap solu- 
tion is acidified with sulphuric acid in the manner already described, 
the aqueous liquid separated from the layer of fatty acids, and the 
latter boiled several times with a considerable quantity of water in 
a flask furnished with a long tube or inverted condenser. The liquids 
resulting from these operations are separated from the insoluble fatty 
acids, which it is desirable to boil again with a moderate quantity of 
water, whilst driving a current of steam through the flask in which 
they are contained, collecting the distillate, and treating it like the 
washings. The acidified aqueous liquid first separated from the 
layer of fatty acids is then distilled to small bulk and the distillate 
exactly neutralised with a standard solution of sodium or barium 
hydroxide, using phenolphthalein as an indicator. The first washings 
from the insoluble fatty acids are then added to the contents of the 
retort, and the liquid again distilled to a low bulk, the process being 
repeated with the succeeding washings. The different distillates ob- 
tained should be titrated separately with N/1o standard alkali and 
phenolphthalein, as, in this manner, with but little extra trouble, 
the progress and completion of the washing, etc., can be followed, 
and useful information obtained as to the probable nature and 
relative proportions of the lower fatty acids present. 

The several neutralised distillates may now be united and evapo- 
rated gently to dryness, the residue being dried at 1oo° till constant in 


1When coconut or palm-nut oilis treated in this manner, the distillate will be found to 
contain lauric acid, which, though almost insoluble in water, is volatile in a current of steam. 
It may be separated from the more soluble volatile fatty acids by filtering the distillate. 
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weight. It consists of the sodium or barium salts of the acids which 
passed over in the preceding distillation. If the total volume (in c.c.) 
of N/xz sodium hydroxide solution employed for the neutralisation be 
multiplied by 0.022, or the volume of N/1 barium hydroxide solution 
by 0.0675, and the number so obtained be subtracted from the gross 
weight (in grm.) of the dry residue, the difference will be the weight of 
the volatile fatty acids. Their mean combining equivalent will be 
found by dividing their weight by the volume (in c.c.) of normal 
alkali required for their neutralisation. 

A further examination of the volatile fatty acids can be made by 
distilling the barium or sodium salts with phosphoric or diluted sul- 
phuric acid, and examining the distillate as indicated in Vol. 1, p. 235. 
In Reichert’s method (see below) an aliquot portion of the acidified 
solution of the saponified fat is distilled, and the distillate titrated with 
standard alkali. 

Hehner Value.—In cases in which the oil under examination 
is known not to contain any appreciable quantity of esters of the 
lower acids, the treatment for their isolation may be wholly omitted, 
and the zmsoluble fatty acids are then practically identical with the fotal 
fatty acids liberated on adding a dilute mineral acid to the aqueous 
solution of the soap. The oily layer thus obtained should be shaken 
several times with warm water, or until, after separation, the aqueous 
liquid is no longer acid to litmus. The subsequent treatment of the 
insoluble fatty acids will depend on the nature and extent of the in- 
formation required. In some cases it will be sufficient to add alcohol 
and titrate with standard alkali with phenolphthalein as indicator. 

If the fatty acids are to be weighed, the best mode of operating is to 
run them from the separator into a small paper filter previously wetted 
with hot water. The funnel containing the filter is placed in the 
mouth of a small dry beaker, and the whole heated in the water-oven. 
As the filter dries, the greater part of the fatty acids will pass through 
the paper into the beaker. When no more drops through, the funnel 
is removed to a small dry flask, and the acids adhering to the separator 
or other vessels removed by means of ether, carbon tetrachloride, or 
petroleum spirit. The solution thus obtained is poured into the 
filter and caught in the flask below. A fresh quantity of the solvent is 
used to effect complete solution and removal of the fatty acids from 
the filter, these washings also being allowed to run into the flask. 
The solvent is then distilled off by immersing the flask in hot water, 
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and the residual fatty acids further dried by blowing a current of air 
through the flask till they begin to lose weight, or till all odour of the 
solvent has disappeared. The weight of fatty acids thus estimated 
is added to that of the main quantity contained in the beaker, and the 
sum gives the insoluble fatty acids in the amount of fat employed for the 
analysis, 

The result expressed in percentage of the fat is commonly termed the 
Hehner value. It usually ranges from about 95.5 to 96% in the case 
of fats containing only minute quantities of soluble fatty acids. 

In most cases the estimation of the fotal insoluble fatty acids is 
sufficient, but, if desired, a further proximate analysis may be made by 
the methods indicated in the section on ‘‘ Higher Fatty Acids.” 

The acidified aqueous liquid remaining after the isolation of the 
insoluble fatty acids, and the removal of any volatile fatty acids by 
distillation, contains glycerol, which may be isolated by exactly neu- 
tralising the free acid with potassium hydroxide, evaporating the solu- 
tion to dryness on the water-bath, and exhausting the residue with 
alcohol. On filtering and evaporating the alcoholic solution, the 
glycerol is obtained as a sweet syrupy liquid, which may be further 
purified by treatment with a mixture of alcohol and ether and evapora- 
tion of the filtered solution. Although glycerol resulting from the sa- 
ponification of oils may be readily isolated in this manner, the results 
obtained are only very roughly quantitative, owing to loss during 
the evaporations. The estimation of the glycerol produced by sa- 
ponification is most accurately effected by the methods described in 
the section on ‘‘ Glycerol.” 

The following table shows in a condensed form the general process, 
just described, for the separation of the products of saponification of 
genuine fixed oils. The method of estimating foreign additions to 
fixed oils is described in a separate section. 
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Saponify the oil, evaporate off the alcohol, dissolve the residual{soap in water, and agitate 
the solution with ether. 


Ethereal Solution 
contains choles- 
terol, phytosterol, 
hydrocarbons, un- 
saponified ol, and 
higher alcohols 
(from. waxes, 
sperm oil, etc.). 


Aqueous Layer. Acidify with dilute sulphuric acid, and wash 
liberated fatty acids with boiling hot water. 


Oily Layer consists of in- 
soluble fatty acids, which 
may be converted into 
lead salts and partially) 
separated by treatment) 


Aqueous Liquid on distillation gives— 


Ka Distillate 
lower fatty acids. 


In Retort, an aqueous 
liquid, which, when 


with ether. 


'in Ether. 
Lead com- 


oleic, ricty 
olic, linoltc, 
pogeic acids, 
etc. 


More Soluble 


pounds of 
ricin- 


linolenic, hy- 


More Insolu- 

ble in Ether. 
Lead com- 
pounds of 
myristic, pal- 
milic, stearic, 

arachidic, 

cerotic acids, 
etc. 


such as butyric, va- 
leric, caprotic, lau- 
ric, elc.; estimated 
by titration with 
standard alkali, 
and further exam- 
ined by fractional 
distillation, etc. 


neutralised, carefully 
evaporated to dryness, 
and the residue 
treated with ether- 
alcohol, gives a solu- 
tion of glycerol, left 
as.a sweet syrupy 
liquid on evaporating 
the solvent, but which 
is more ‘accurately 
estimated in aseparate 
portion by oxidation. 


Reichert Value.—This term is applied to the number of c.c. of 
N/to alkali solution required to neutralise the distillate obtained from 
the acidified solution of a fat saponified under definite empirical con- 
ditions. It was devised by Reichert (Zeit. anal. Chem., 1879, 18, 68), 
and, though practically superseded by later modifications, is still used 
in some laboratories, and is the method by which the earlier recorded 
values were obtained. 

As the process is an arbitrary one, only about 4/5 of the entire 
volatile fatty acids obtainable from butter being found in the distillate 
under the conditions of operation, it is necessary to adhere to the 
following directions: Saponify 2.5 grm. of the fat with 25 c.c. of ap- 
proximately N/2 alcoholic potassium hydroxide, by heating it in a 
closed bottle or flask fitted with a long tube. Transfer the product 
to a porcelain basin, and evaporate off the alcohol completely at a steam 
heat. Dissolve the residual soap in water, add dilute sulphuric acid 
in slight excess, dilute the liquid with water to 75 c.c., add some frag- 
ments of pumice coiled round with platinum wire, and distil gently till 
50 c.c. have passed over. Filter the distillate, if not quite free from 
white flakes or oily globules, wash the filter with a little hot water, 


and titrate the clear solution with N/ro alkali, using phenolphthalein 
as an indicator. er 


i 4A 
i 


The following table gives typical Reichert values thus obtained:— 
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: 2 N 
Substance ees esis oF Io Observer 
alkali required 
Butter- or milk-fat, cow’s ..... te) ey oe | Reichert, Cald- 
well, Moore, 
Allen, etc. 
Butter- or milk-fat, ewe’s....... Tuy) Schmitt. 
Butter- or milk-fat, goat’s...... 13.6 Schmitt. 
Butter- or milk-fat, porpoise’s. . Toes Allen. 
Coconut olan ae arenes. a= eey/ Reichert, Moore, 
Allen. 
alla ra tit Oll ware ieee, Ses certs 2.4 | Allen, 
salt Olly ouekate etre au uecs ies etc era: 0.8 Moore. 
(CRC) DUNS 2, ola alan a onic Ae I.6 Moore. 
Mar Canine nears sc): «chee e's os 0.2-1.6 Caldwell, Moore, 
Allen. 
Wihalletoilsetan teats Gescailci srehe Bey Allen. 
Wihalesoil aren ishcccsias tae tte T2a5 Allen. 
LOFDOISELOllimeete rice ei. elec tI—E2 Allen. 
SPeLmMnolllanamecateme need eee 15S Allen. 
IBOLLLEOSEXOL peer eiee och ae Te yet Allen. 
Menhaden oil. ats. scien thane es rae) Allen. 
Wodlivercoil weer wt geese es I.I-2.1 Allen. 
esate’ Olly rere a tice a 252 Allen. 
Cottonseed oll ae ee ae 0.3 Moore. 
Castor Olli cia ener tevspetberete a I.4 Allen. 


Reichert-Meissl Value.—In Meissl’s modification of Reichert’s 
process (Dingler’s Polyt. J., 1879, 233, 229) double the quantity of 
fat (5 grm.) is used, and the resulting values are about 2.2 times as 
great. His modification is in common use, with the additional pre- 
cautions indicated by Wollny (Analyst, 1887, 12, 203, from Milch 
Zeit., 1887, Nos. 32-35) to ensure complete saponification of the fat, 
and to obviate errors due to absorption of carbon dioxide, and varia- 
tions in the form and size of the distillation apparatus and the rate of 
distillation. 

The special form of apparatus and method of distillation official in 
this country is described in the section dealing with ‘ Butter.” 

The following official process of the A. O. A. C. is essentially the 
method as recommended by Wollny: 


Apparatus and Reagents. 

Sodium Hydroxide Solution.—100 grm. of sodium hydroxide are dissolved 
in too c.c. of distilled water. ‘The sodium hydroxide should be as free as possible 
from carbonates, and be preserved out of contact with the air. 

Alcohol, of about 95%, redistilled with sodium hydroxide. 
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Acid.—Solution of sulphuric acid containing 25 c.c. of strongest sulphuric acid 
in I,000 c.c. of water. 

Barium Hydroxide. 
of barium hydroxide. 

Indicator. —1 grm. of phenolphthalein in 100 c.c. of alcohol. 

Saponification flasks, of from 250 to 300 c.c. capacity, of hard, well-annealed 
glass, capable of resisting the tension of alcohol vapor at 100°. 

Pipette graduated to deliver 40 c.c. 

Distilling Apparatus 

Burette—An accurately calibrated burette, reading to tenths of a c.c. 

Estimation —Weighing the fat.—The butter or fat to be ,examined should be 
melted and kept in a dry, warm place, at about 60° for 2 or 3 hours, until the 
water and curd have entirely settled out. The clear, supernatant fat is poured off 
and filtered through a dry filter-paper in a jacketed funnel containing boiling water. 
Should the filtered fat, in a fused state, not be perfectly clear, it must be filtered 
a second time. 

The saponification flasks are prepared by thoroughly washing with water, alcohol, 
and ether, wiping perfectly dry on the outside, and heating for r hour at the 
temperature of boiling water. The flasks should then be placed in a tray by the 
side of the balance and covered with a silk handkerchief until they are perfectly 
cool. They must not be wiped with a silk handkerchief within 15 or 20 minutes of 
the time they are weighed. The weight of the flasks having been accurately deter- 
mined, they are charged with the melted fat in the following way: 

The pipette with a long stem, marked to deliver 5.75 c.c., is warmed to a tem- 
perature of about 50°. The fat, having been poured back and forth once or twice 
into a dry beaker in order to mix it thoroughly, is taken up in the pipette, and 5.75 
c.c. of fat allowed to flow into the flask. After the flasks have been charged in this 
way they should be re-covered with the silk handkerchief and allowed to stand 15 or 
20 minutes, when they are again weighed. 

Saponification.—10 c.c. of 95% alcohol are added to the fat in the flask, and then 
2 c.c. of sodium hydroxide solution. A soft cork stopper is now inserted in the flask 
and tied down with a piece of twine. The saponification is then completed by 
placing the flask upon the water- or steam-bath. During the saponification, which 
should last x hour, the flask should be gently rotated from time to time, care being 
taken not to project the soap for any distance up its sides. At the end of an 
hour the flask, after having been cooled to about the temperature of the room, is 
opened. 

Removal of the Alcohol.—The stopper having been laid loosely in the mouth of 
the flask, the alcohol is removed by dipping the flask into a steam-bath. The 
steam should cover the whole of the flask except the neck. After the alcohol is 
nearly removed, frothing may be noticed in the soap, and, to avoid any loss from 
this cause or creeping of the soap up the sides of the glass, the flask should be removed 
from the bath and shaken to and fro until the frothing disappears. The last 
traces of alcohol vapor may be removed from the flask by waving it briskly, mouth 
down, to and fro, 

Dissolving the Soap.—After the removal of the alcohol the soap should be 
dissolved by adding 100 c.c. of recently-boiled distilled water, and warming 


An accurately standardised, approximately N/ro solution 
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the flask on the steam-bath with occasional shaking until solution of the soap is 
complete. 

Liberation of the Fatty Acids—When the soap solution has cooled to about 60° 
or 70°, the fatty acids are separated by adding 40 c.c. of the dilute sulphuric acid 
solution. 

Melting the Fatty-Acid Emulsion—The flask should now be stoppered as in the 
first instance, and the fatty-acid emulsion melted by replacing the flask on the 
steam-bath. The time required for the fusion may vary from a few minutes to 
several hours, according to the nature of the fat examined. 

Distillation.—After the fatty acids are completely melted, forming a transparent 
oily layer on the surface of the water, the flask is cooled to the temperature of the 
room, and a few pieces of pumice-stone added. The pumice-stone is prepared by 
throwing it, at a white heat, into distilled water, and keeping it under water until 
used. The flask is now connected with a glass condenser, slowly heated with a 
naked flame until ebullition begins, and then the distillation continued by regulating 
the flame in such a way as to collect 110 c.c. of the distillate in, as nearly as possible, 
30 minutes. The distillate should ,be received in a flask accurately marked at 
TONG! Ce 

Titration of the Volatile Acids.—The rro c.c, of distillate, after thorough mix- 
ing, are filtered through perfectly dry filter-paper, roo c.c. of the filtrate poured 
into a beaker holding from 200 to 250 c.c., 0.5 c.c. of the phenolphthalein solution 
added, and N/1o barium hydroxide run in until a red colouris produced. The 
contents of the beaker are then returned to the measuring flask to remove any 
acid remaining therein, poured again into the beaker, and the titration continued 
until the red colour produced remains apparently, unchanged for 2 or 3 minutes. 
The number of c.c. of N/ro barium hydroxide required should be increased 
by one-tenth. 


Leffmann and Beam’s modification (Analyst, 1891, 16, 153; 
1896, 21, 251) in which a solution of sodium hydroxide in glycerol 
is used for the saponification is the official German method for 
the examination of fats and cheese, the estimation being made as 
follows: 5 grm. of the fat are cautiously heated with constant shak- 
ing over a small flame in a 300 c.c. Erlenmeyer flask with 20 c.c. 
of glycerol of sp. gr. 1.26, and 2 c.c. of sodium hydroxide solution 
(prepared by dissolving roo grm. of sodium hydroxide in roo c.c. of 
water). After evaporation of the water, which usually takes from 
5 to 8 minutes, the liquid becomes clear, and is then completely saponi- 
fied. It is now allowed to cool to about 80°, and treated with go c.c. 
of water at 80° to 90°. This solution is acidified with 50 c.c. of dilute 
sulphuric acid (50 c.c. of strong acid in 1,000 c.c. of water) and the 
volatile fatty acids distilled and titrated as in the Reichert-Meissl 


process. 
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The following typical Reichert-Meissl values have been recorded 
by different observers: 


; Reichert- : Reichert- 
(Orion ta Meissl value BURSTS. Meissl value 

HNEMONEL. poo on Wi Som Ons Maize olen oes. 4 to 4.5 
PATA CIS perce sur stisesh se 0.5 Palmnut oil...... 5 to 6.8 
Bittern tatuere mms. 20 O—33hA- Porpoise/ olla 0.8 to 1.9 
(CEEMoie Gong o aclog do 2.5 Palin yorl Sarrererrte rs 0.0 to0.7 
(Croton eran ppt Is FRAPS terete teers 46 to 56 
Coitonseedirs ©.7-0.9 Sesame Oil 4 4. Letore 
Coconutiol 3 aes 6.6-8.4 Whale oil... 5.4. 0.7 to2.0 
Codliverioily <4 Ona Wiheat.oil-nere oe 2 to3 
Doegling oil....... Bon 
Dolphin’ oilkeo.- 5-6 


BROMINE AND IODINE ABSORPTIONS. 


Another method of differentiation based on the chemical constitu- 
tion of the fats and oils is the estimation of the amount of bromine 
or iodine taken up under conditions intended to ensure the formation 
of additive compounds only. The fatty acids of the acetic series are 
saturated bodies, and do not form additive compounds with iodine or 
bromine, while the acids of the acrylic series combine with 2 atoms 
and those of the propiolic series with four atoms, as expressed by the 
following equations: 

Stearic Acid, C,gsH,60,, does not combine with bromine or iodine. 
Oleic Acid, C;sH;,0., forms C,sH,,Br,O0,, and C,sH,,1,0,. 
Linolic Acid, C,3H,,0., forms CzgsH,,Br,0.,, and C,3H,.1,0,, 
Linolenic Acid, C;sH,,.0,, forms C,;sH,;,.BreO,, and C,gH,.I60,. 

The esters of the acids of these series behave similarly, so that an 
estimation of the percentage of bromine or iodine assimilated gives 
some idea of the proportion of olein as compared with palmitin and 
stearin in a fat, and of the linolin and linolenin of a drying oil as com- 
pared with the olein of a non-drying oil, although the fact must not be 
~ lost sight of that many solid fats contain esters of linolic and even 
linolenic acid, whilst drying oils contain olein in addition to the more 
unsaturated glycerides. 

Bromine Value.—The earliest methods of estimating the amount 
of bromine absorbed by oils and fats were those of Mills and 
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Snodgrass (J. Soc. Chem. Ind., 1883, 2, 435) and Mills and Akitt 
(ibid., 1884, 3, 366), but for most purposes these and similar methods 
have now been practically superseded by Hiibl’s iodine method and 
Wijs’ iodine chloride method. 

A considerable amount of bromine enters into combination by way of 
substitution as well as by addition, and Mcllhiney (J. Amer. Chem. Soc., 
1894, 16, 275; 1899, 21, 1084) has based a useful test for the detection 
of rosin or turpentine in drying oils upon a determination of the 
bromine substitution value. ; 

The solution of the weighed quantity of the oil in 10 c.c. of carbon 
tetrachloride is treated in a stoppered bottle with 20 c.c .of 1/3 N. 
solution of bromine in the same solvent. After the lapse of 2 or 3 
minutes 20 to 30 c.c. of a 10% solution of potassium iodide are intro- 
duced, the bottle thoroughly shaken, and the liberated iodine titrated 
with standard thiosulphate solution, and calculated into the cor- 
responding bromine addition value. An addition of 5 c.c. of a neutral 
2% solution of potassium iodate is then made, and the liberated iodine, 
corresponding to the hydrobromic acid formed in the substitution, 
titrated and calculated into the bromine substitution value. 

The loss of bromine or hydrobromic acid is prevented by fixing a 
piece of wide india-rubber tubing round the neck of the bottle, so as to 
form a well into which the potassium iodide solution is poured. The 
bottle is then cooled in ice-water to create a partial vacuum before 
slightly withdrawing the stopper. 

The bromine substitution value of ordinary fats and oils usually 
ranges from about 0.3 to 3.6, whilst rosin and turpentine show values 
of 50 and upward. 

Vulté and Logan (J. Amer. Chem. Soc., 1901, 23, 156) made 
comparative estimations of the bromine value by this method and 
of the iodine value by Hiibl’s method, and showed that the ratio 
between the iodine value as estimated and as calculated from the 
bromine addition value might afford useful indications in the detection 
of marine animal oils in linseed oil, etc. ‘They found rosin to have a 
bromine substitution value of 102.3. 

Comparative results obtained by Wijs’ iodine chloride method and 
Mcllhiney’s bromine method are also given by Williams (J. Soc. 
Chem. Ind., 1900, 19, 300). A gravimetric bromine method was 
devised by Hehner (Analyst, 1895, 20, 49, J. Soc. Chem. Ind., 1897, 
16, 88)) and was discussed by Lewkowitsch (VJ. Soc. Chem. Ind., 
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1896, 15, 859), Williams (Analyst, 1895, 20, 277), and Jenkins 
(J. Soc. Chem. Ind., 1897, 16, 193). 

The main advantages of this method, ‘where applicable, are its 
simplicity and speed, but both are possessed in greater degree by the 
bromine thermal process (q. v.) 

Insoluble Bromide Test.—Hehner and Mitchell found (Analyst, 
1898, 23, 315) that on treating an ethereal solution of certain oils with 
a slight excess of bromine an insoluble precipitate was obtained, the 
amount of which could frequently give valuable indications as to the 
purity of an oil. 

These precipitates appear to be the bromides of mixed glycerides 
containing one radicle of linolenic acid or (in the case of marine 
animal oils) the isomeric jecoric acid. ‘The bromide from linseed oil 
melts at 143.5 to 144° and contains about 56% of bromine. The 
similar bromides from marine animal oils decompose before melting, 
and this affords a means of detecting even a small amount of such oils 
in linseed and other drying oils. 

The precipitate-may be collected either in a Soxhlet tube, if the 
quantity taken is small, or on a counterpoised filter, but the method 
employed for the estimation of stearic acid in mixtures of fatty acids 
(see page 393); is the most satisfactory, the best filtering material 
in this case being thin, flexible chamois leather tied over the end of the 
small thistle funnel, from which any adhering precipitate can after- 
wards readily be removed by washing. 

From 1 to 2 grm. of the sample are dissolved in 4o c.c. of ether, to 
which a few c.c. of glacial acetic acid are added, the precipitate formed 
being more granular from such a mixture than when ether alone 
is employed. The solution is cooled in an ice-chest and bromine 
added, the flask being preferably left all night in the ice. This, how- 
ever, is not essential for ordinary working. The liquid is filtered off 
by the suction funnel attached to a pump, the flask washed out with 
four successive portions of ether at 0°, and the residue dried in the 
flask to constant weight. Even when ether at ordinary temperatures 
is used, no considerable error is introduced. 

Various samples of pure linseed oil were examined anby this method, 
with the following results: 
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Percentage of 


Sample Oil taken ‘Weight precipitate | deposit 
Te RS oi ye ee ee ie re 226 | 0.3156 | 23.86 
Jawihe So ian CCR ee eae | 3.1005 | 0.7573 | 24.42 
1 Yc Gon 3h.0 2c Re ee eee 0.6792 0.1765 25.8 
 Otariciiarie ce ote Ratha es I.0000 0.2480 24.8 
("535.6085 Sy i ree ee 1.0000 0.2500 25.0 


A sample of walnut oil gave, in two determinations, 1.9 and 1.42% 
of bromide. Poppy oil gave no deposit, nor did Brazil nut oil, maize 
oil, cottonseed oil, olive oil, Japanese wood oil, or almond oil. Mix- 
tures of linseed oil and other oils gave percentages of bromide in pro- 
portion to the percentage of linseed oil, as will be seen from the 
following table: 


f ; Tassie Linseed oil, 
Oulg ised Linseed oil, PP Buontide, calculated from 
% bromide 

ot ees we 
Linseed A and-walnut........ | 69.0 16.6 | 69.0 
Linseed A and walnut........ 38.2 =mn033 | 38.1 
Linseed A and maize oil....... 52.0 12.4 | 50.8 
Linseed A and maize oil....... 50.5 12.2 | 50.0 
Linseed A and maize oil....... | Bry 12.6 51.6 


The following values were obtained in this way by Walker and 
Warburton (Analyst, 1902, 28, 237): Linseed oil, 23.14; 23.52; 
tung oil, nil; candlenut oil, 8.2; 7.28; Japan fish oil, 21.14; 22.07; 
fish oil (deodorised) 49.0; 52.28; codliver oil, 35.33; 33.76; cod oil, 
32.08; 30.62; shark-liver oil, 21.22; 109.08; seal oil, 27.54; 27.925 
whale oil, 15.54; 16.14; and sperm oil, 2.61; 2.42% (and after 48 hours’ 
standing, 3.72; 3.69). 

As a rule linseed oil yields about 25% of insoluble bromide, but 
Mitchell has met with a specimen yielding over 30% and Lewkowitsch 
with one giving 37.72%. Other insoluble bromide values for marine 
animal oils are given by Procter (J. Soc. Chem. Ind., 1906, 25, 798). 

Iodine Value.—Free iodine is so slowly absorbed by oils and 
fats that it has not been found possible to base a satisfactory method 
upon its use, and it has long been discarded in favour of the Hiibl proc- 
ess (Dingler’s polyt. J., 1884, 253, 28) in which the reagent is an 
alcoholic solution of iodine in conjunction with mercuric chloride in the 
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proportion of at least r molecule (I,) of the former to at least 1 (HgCl_) 
of the latter. 

Hiibl’s Method.—The reagent is prepared by dissolving 25 grm. of 
iodine in 500 c.c. of nearly absolute alcohol (free from fusel oil), and 
30 grm. of mercuric chloride in an equal measure of the same solvent. 
The latter solution is filtered, if necessary, and then added to the 
tincture of iodine. ‘The mixed solution should be allowed to stand for 
12 hours before being used, as, owing to the presence of impurities in 
the alcohol employed, it is liable to undergo considerable reduction in 
strength, and must in all cases be re-standardised immediately before 
or after use. The strength is ascertained by titration with decinormal 
solution of sodium thiosulphate, which in its turn is standardised by a 
solution of resublimed iodine in the usual way. The mercurial iodine 
solution acts readily at ordinary temperatures on either free unsat- 
urated fatty acids or their esters to form chloro-iodo-addition products, 
the total proportion of halogen assimilated being estimated in terms of 
iodine. 

To estimate the iodine-absorption, from 0.2 to 0.3 grm. of drying 
oil, 0.3 to 0.4 of non-drying oil, or from 0.8 to 1.0 grm. of fat, is weighed 
accurately, and dissolved in 10 c.c. of chloroform. The solution is 
mixed in a stoppered flask with 20 c.c. of the standard solution of iodo- 

mercuric chloride, and if the liquid is not quite clear after agitation a 
further addition of chloroform is made. If the mixture becomes de- 
colorised, or nearly so, after standing a short time, a further addition 
of 5 or 10 c.c. of iodine solution must be made. ‘To ensure accurate 
results, the excess of iodine must be considerable, and hence the 
liquid ought still to be quite brown after standing for 2 hours.t After 
that time, from 10 to 15 c.c. of a 10% aqueous solution of potassium 
iodide should be added, and the whole diluted with about 150 c.c. of 
water. The free iodine, part of which exists in the aqueous and 
part in the chloroform solution, is then estimated by titration with 
thiosulphate, the contents of the flask being frequently agitated, and 
starch solution being added just before the end of the reaction. A 
blank experiment with the same quantities of chloroform, iodine 
solution, etc., is made side by side with the actual test, so as to obtain a 


rae found that with free fatty acids the action is complete with only a small excess 
of iodine, but with fats or oils a larger excess must be employed, or the results will be too 
low. In presence of a sufficient excess of iodine, variations in the concentration of the 
fatty solution and in the amount of mercuric chloride present do not affect the results 


The reaction should be allowed to conti i o 
an rg berg ntinue for at least 2 hours (or, according to Arch 
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correction for any impurities in the reagents and to ascertain the true 
strength of the iodine solution. The difference between the volume 
of thiosulphate used in the blank experiment and that required in the 
experiment in which the oil was employed is then calculated into its 
equivalent of iodine, and this to units per cent. of the oil. 

The product formed by the action of iodo-mercuric chloride on pure 
oleic acid is a greasy substance, which is colourless at first, but gradu- 
ally turns brown from liberation of iodine. Estimations of the 
chlorine and iodine, as also of its saponification equivalent, show the 
compound to be a chloriodostearic acid of the formula C,gH,,IClO,. 
The similar products formed by the action of the iodine solution on 
fats and oils are colourless, viscous, or resinous masses, which in general 
resemble the original substances. In order to render the whole of the 
iodine available, the presence of mercuric chloride in a ratio not less 
than HgCl,: I, is essential. 

The theory of the reactions taking place in the Hiibl process has been 
discussed by Ephraim (Zeit. angew. Chem., 1895, 254), who regards 
iodine chloride as the active agent, by Wijs (ibid., 1898, 251) who con- 
siders hypoiodous acid to be the active substance, and by Lewkowitsch 
(Analyst, 1899, 24, 257) who in the main agrees with Ephraim. There 
is a certain amount of substitution of iodine as well as addition, as has 
been shown by Schweitzer and Lungwitz (J. Soc. Chem. Ind., 1895, 
14, 130, 1030). 

Wijs’ Method.—A very rapid method of estimating the iodine 
absorption is based by. Wijs (Ber., 1898, 31, 750) upon the conclusions 
drawn from his experiments (loc. cit.). The hypoiodous acid, which 
he regards as the active agent in the absorption, is obtained by the 
action of water upon iodine chloride (ICl1+H,O=HCI+HIO), a 
solvent being chosen which contains so much of the former as will de- 
compose nearly the whole of the latter, and at the same time not be 
oxidised by the hypoiodous acid. Good results are obtained with a 
solution of iodine chloride in 95% acetic acid. This is prepared by 
dissolving 13 grm. of iodine in 1ooo c.c. of acetic acid, estimating the 
‘“‘halogen content”’ of the solution and passing in a current of chlorine 
(free from hydrochloric acid) until the ‘‘halogen content” has been 
doubled. With a little practice this point is readily discernible by the 
change in colour. The solution is employed as Hiibl’s solution, ex- 
cept that the time required for absorption is greatly reduced. With 
oils of low iodine values, the absorption is complete in 4 minutes, and 
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with those of higher value not more than 10 minutes will be necessary 
if too much oil is not taken. 

The results obtained by Wijs’ method tend to be higher than the 
Hiibl figures, this being most notable in the case of highly unsaturated 
oils. It is probable that many of the older values of, e. g., of linseed 
oil, were too low, owing to incomplete absorption of the halogen. The 
results obtained by Wijs with purified allyl alcohol point to his method 
giving more correct figures than the Hiibl process. 

In the following table the more common oils and fats are classified 
in accordance with their iodine values as estimated by various 
chemists by one or other of the preceding methods: 


Nl ] 
Oils | Iodine value | Fats and waxes Iodine value 
- — aS nee 
Vegetable oils | || Vegetable fats 
(CAStOrennnsuteeteivs 84-85 Ue Japan Wate ck eet 4..2-15 
Olive Mc sc ce ke 77-O1 | > Coconut Olly cseias sete 822-945 
Arachis: ieeeries 86-99 W. Palmomutroil emeran- = S- LO. 5=17..5 
Jive wremearistes: 77-91 Chinese’ tallow...). =... = 23-38 
PONG eaciate ee 93-100 en Cacao) Dutter es comm eet 32-42 
RADE, «ae ea 97-105 \* Bassia, fallow s.05004 5: ; 54-68 
Sesame TO3—-II5 | Cotton oil “stearin”... .| 89-93 
Cottonseed ...... To4-116 | 
MAIZE She ae as II5—-128 
INI sersceC een ee re 1260-134 Animal fats 
Sunflower........ | 123-136 | 
Boppyseed nn sar 130-141 SEAL OW oo 0. chiater se os, essen 35-40 
IWalnutse. mena 139-148 Beéidattimcec auras: | 36-42 
iElenapseede. aan 145-166 eeViutton Tatwen aerate t 33-50 
SU erexoe psc et ors 155-162 Lard gcc nscdecseneem arrere 47 5-64 
ASEe Clay ne 175-201 ‘Horse Tat tegereeran © 76-86 
Animal oils 
Waxes 
Mallowioill sas... 55-57 
Neatsfoot oil... .. 67-73 DPCLMACehaw ae reeeee 2.6 
Wear Ollweetae tei 690-75 |S BCS Wax wen, Eredar. © exes (ig Sih ae nes 
SPerinimn peices 80-84 isi Woolton emia tea ee | 17-5 
Bottlenose....... 80-85 ibaa Gana tb apvrevs orice: ie sisi 
Wihale -aecece.) 16-128 
Shark a DI5—130) \| | » 
Seale. dove kaw 130-152 | | 
Godlivenaasn ami: 138-167 | | | 
Menhaden....... 148-160 | | 


Acetyl Value.—The estimation of the acetyl value as revised by 
Benedikt and Ulzer (Monatsh., 1887, 8, 41) is based upon the princi- 
ple that hydroxy-acids, on being heated with acetic anhydride, ex- 
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change the hydrogen atom of their hydroxyl group or groups for the 
radicle of acetic acid. The operation is carried out by heating the 
free fatty acids with acetic anhydride. 

Lewkowitsch (Proc. Chem. Soc., 1890, 6, 72, 91) drew attention to 
the causes of error in this process, and subsequently (J. Soc. Chem. 
Ind., 1897, 16, 503) devised the following method, which is now in 
general use: 10 grm. of the filtered fat are boiled for 2 hours with an 
equal volume of acetic anhydride in a round-bottomed flask beneath a 
reflux condenser, and the mixture then transferred to a large beaker, 
and boiled with several hundred c.c. of water, bumping being mean- 
while prevented by passing a slow current of carbon dioxide through a 
long tube reaching nearly to the bottom of the beaker. 

The mixture is allowed to separate into 2 layers, the water is siphoned 
off, and the oily layer again boiled out in the same manner until the 
last trace of acetic acid is removed. ‘This is ascertained by testing 
with litmus paper. The acetylated product is freed from water and 
finally filtered through filter paper in a drying oven. 

This operation may be carried out quantitatively, and in that case 
the washing is best done on a weighed filter. An increase of weight 
would prove that assimilation of acetyl groups had taken place. 
This method may be found useful to ascertain preliminarily whether a 
notable amount of hydroxylated acids is present in the sample under 
examination. 

2 or 4 grm. of the acetylated substance are saponified by means of 
alcoholic potassium hydroxide solution as in the estimation of the 
saponification value. If the ‘‘filtration process” be used, the alcoholic 
alkali must be measured exactly, and this is also advisable with the 
distillation process, so as to obtain the saponification value of the 
acetylated fat. The alcohol is next evaporated and the soap dissolved 
in water. 

From this stage the determination is carried out either by the (a) 
“distillation process” or (0d) ‘‘filtration process.”’ 

(a) Distillation Process.—Add dilute sulphuric acid (1:10), in more 
than sufficient quantity to saturate the alkali, and distil as usual in 
Reichert’s distillation process. Since several portions of 100 c.c. each 
must be distilled off, either a current of steam is blown through the 
suspended fatty acids or water is run into the distilling flask, from 
time to time, through a stoppered funnel fixed in the cork, or any 
other convenient device is adopted. It will be found quite sufficient 
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to distil over 500 to 700 c.c., as the last roo c.c. contain practically no 
acid. Filter the distillates to remove any insoluble acids carried over 
by the steam, and titrate the filtrates with N/10 potassium hydroxide 
solution, phenolphthalein being used as indicator. Multiply the num- 
ber of c.c. by 5.61 and divide the product by the weight of substance 
taken. This gives the acetyl value. 

(b) Filtration Process.—Add to the soap solution a quantity of 
standardised sulphuric acid exactly corresponding to the amount of 
alcoholic potassium hydroxide solution employed and warm gently, 
when the fatty acids will readily collect on the top as an oily layer. 
(if the saponification value has been estimated, it is, of course, 
necessary to take into account the volume of acid used for titrating 
back the excess of potassium hydroxide.) Filter off the liberated 
fatty acids, wash them with boiling water until the washings are no 
longer acid, and titrate the filtrate with N/1o potassium hydroxide 
solution, using phenolphthalein as indicator. The acetyl value is 
calculated in the manner shown above. 

Both methods give identical results; the latter will be found shorter. 

The acetyl value indicates the number of mg. of potassium hy- 
droxide required for the neutralisation of the acetic acid obtained on 
saponifying 1 grm. of the acetylated fat or wax. 

In the case of those oils and fats which have a high Reichert value, - 
the apparent acetyl value will be too high, owing to the presence of the 
volatile acids. This influence will affect the distillation process to a 
greater extent than the filtration process. To eliminate this error, 
the volatile acids of the original oil or fat should be estimated in 

‘precisely the same manner, and the value thus obtained should be 
deducted from the apparent acetyl value. 

It should be noted that in the case of a fat containing free alcohols 
(phytosterol, cholesterol), or, in the case of waxes, the acetyl value will 
be a measure of both the hydroxy-acids and the free alcohols. If 
present, acetic acid radicles are also absorbed by them. If the free 
alcohol is isolated its acetyl value may be determined as well. The 
difference between the acetyl value of the fat or wax and the acetyl 
value corresponding to the amount of free alcohol present will be the 
true measure of the hydroxy-acids. 

If a free alcohol is acetylated, no complication through formation of 
anhydrides can arise, and in that case simply the saponification value 
of the acetylated product—the acetic ester of the alcohol—is deter- 


DRYING PROPERTIES. 35 


mined. This value is also the acetyl value of the alcohol (the 
saponification value of the original alcohol being ni/). 

In a further study of the acetyl value, Lewkowitsch (Analyst, 1899, 
24, 319) has shown that it may indicate: 1. hydroxy-acids; 2. free 
alcohols; 3. oxidised fatty acids; 4. acids of unknown composition; 
5. mono- and diglycerides, and 6. rancidity. Hence, until it is 
possible to determine to what extent these several factors contribute 
to the acetyl value, the latter cannot be regarded as a constant. 

The following table gives some of the more important results ob- 
tained by Lewkowitsch (loc. cit.) by the above described processes: 


I | (Be Ill 
Oil or fat : 
Total volatile acids 
acetyl ve 
=mg. of KOH re ana True ae alue 
per grm. 
lEabRClS es doe AO Ceara 2.9 6.85; 6.92 3.98 
IN EWU AS 0 He oe 2.53 Sets 675 5.81 
Gurcasgyecis aoe cists sks. 75 
GAStOn un shslois ossecicnts 0.0 149 .6-150.5 150.05 
Colzari tae as araensiss: 2.05 LOO eii7ie2 14.75 
OVE MAtom Hi setae a 2.54 12.78; 13.48 10.68 
TAT OTSESLOOL.s cue seme mer sens 4.08 12.90; 14.40 9.44 
Sedliearter cen nc mnie ce fe-+ I.50 16.47; 16.84 15.18 
Godliveri(old)Fat.ta ier: 2.60 7.9; 8.9 5.8 
Godliver(ixesh)iescrie: 3.60 4.75 i Te 
@ottouseed iam sesso, 3 6.28 24.703 25-1 15.65 
@ottonseed seer Mess: 0.99 15.8 14.8 
Palm (23% free acids) . . 2.34 17.8; 18.8 15.96 
Cacao Dubier sy crete 2 aya ALSO 
ia panewax cunts «+ si 10.05 27.3 17.25 
Me ADATIEWAX cage. ae o.< 5.6 CER DS 26.55 
Ward teen tenet ee: 6.6; 6.7 9.3 2.65 
BD allo Wemmeyacta ete see. no} 9.4; 10.4 8.6 
(COLON me cuseile aie ee 21 .07—21 .09 40.08; 41.09 19 .82 
12a noah Oo. Oe ccenteen prea II.4 Ig.0 7:6 
COconUty hee 4. nate eos 20.9 23.2 23 
PBS UtLeLataee ateictieldtecem : 49.33 49.4 48.48; 49.29 9-45 
Butterstateer secciccire =! « 43 -32 45-23 I.Or 


OXIDATION OF OILS—DRYING PROPERTIES. 
(See also under Linseed and other oils.) 

Many of the fixed oils thicken on exposure to air, and, under,favour- 
able circumstances, gradually dry up into yellowish, transparent var- 
nishes or resin-like ‘substances, to which in the case of linseed oil the 
name linoxyn has been given. The nature of the oxidation changes 
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that take place in the drying process is still very obscure, though the 
oils which possess this property in the most marked degree appear 
(except in the case of tung oil) to be characterised by a high pro- 
portion of linolenic and isolinolenic acids. 

Strictly speaking, no hard and fast line can be drawn between dif- 
ferent classes of oils as regards their drying properties, though for 
convenience of classification it is usual to group vegetable oils into 
drying, semi-drying, and non-drying oils. 

An experimental investigation of the process of drying of linseed oil 

has been made by Genthe (Zeit. angew. Chem., 1896, 19, 2087), who 
shows that the presence of peroxides plays an important part in the 
process, and that polymerisation and formation of volatile acids ac- 
company the oxidation. For other investigations of the theory of 
drying of oils see Livache (Compt. rend., 1895, 120, 842), and Fahrion 
(Zeit. angew. Chem., 1891, 540; 1892, 171, and Chem. Zett., 1894, 17, 
1848). , 
For testing drying properties, a definite number of drops of the 
sample may be placed in a watch-glass or flat porcelain capsule, and 
exposed to a temperature of about 100° for 12 or 24 hours, side by side 
with samples of oil of known purity. Olive oil will be scarcely affected 
by such treatment, and rape oil will only become slightly thicker. 
Cottonseed oil will be considerably affected, while good linseed oil will 
form a hard skin or varnish, which can only with difficulty be ruptured 
by pressure with the finger. In some respects, a preferable plan is to 
flood a slip of glass with the oil to be tested, in the manner in which a 
glass-plate is covered with collodion. The glass with the adhering 
film of oil is then kept at 100°, and the progress of the drying followed 
by touching, at intervals, successive parts of the plate with the finger. 
Another useful method is to soak a definite measure of thick filter 
paper in the sample of oil, and then expose it to 100 or 130° for some 
hours, side by side, with samples of oil of known purity. 

Livache’s Method.—Livache has shown (Compt. rend., 1886, 102, 
1167) that the absorption of oxygen is accelerated by the addition of 
finely-divided lead, and on this fact has based the following test, 
which enables numerical values to be obtained: About 1 grm. of 
lead" is accurately weighed and spread in a thin layer on a watch-glass, 
and 0.6 to 0.7 grm. of the oil allowed to drop from a pipette upon 


1Prepared by precipitating a lead salt with zinc, washing the precipitate rapidly in 
succession with water, alcohol, and ether, and finally drying ina vacuum. 
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different parts of the lead, care being taken that they do not run into 
one another. The watch-glass is then weighed and allowed to stand 
exposed to the light at the ordinary temperature. 

Drying oils will be found to have absorbed the maximum quantity 
of oxygen after 18 hours, or in some cases after 3 days, whereas non- 
drying oils do not gain weight until the fourth or fifth day. 

The free fatty acids, with the notable exception of cottonseed-oil 
acids, behave like the oils, 7. e., their increase in weight corresponds 
to the gain in weight of the corresponding neutral oils. Livache’s 
results were as follows: 


Gain in weight of 100 parts 
Of oil after Of fatty acids after 
Two days | Seven «days Eight days 
Usuarerell orl let cieidis Noto aidiern Coy ac 14.3 Be II. 
WWalniteoll a ecctae cs dit ss = 7.9 ae 6.0 
IROPPYSced Ol jseteraet ke cetreet ie 6.8 a 3-7 
(Cienega! Gls non comoes sane 5.9 Me 0.8 
ipeeelnts Giles some comornamer 4.3 Ae 2.6 
@olzamoils sx panntetion ae eae ners 0.0 2.9 2.6 
Ra euOll pet. frauehseene creole oie. «= 0.0 2.9 0.9 
SESAIMCUON creeps ate so crnisisne orttees 0.0 2.4 2.0 
INPACHIISA OILS He meee eile a cies lors 0.0 0.8 123 
Olin Cle 50954550 bouoEasoDES 0.0 1.7 0.7 


To obtain a correct estimate as to the drying properties of an 
oil, regard must be had not only to the increment in weight, but also 
to the length of time required. Thus, of the two oils in the following 
table, No. 1 must be considered the better, although both finally reach 
the same absorption of oxygen: 


Gain in weight of roo parts after 


-,| Weight Weight 
No. of oil} of oil of lead i 
One day |Three days) Six days | Nine days 
I 3.246 I,O12 14.4 unchanged 46 
2 3.154 0.653 2.45 I5.9 unchanged 
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Bishop’s method (J. Pharm. Chim., 1896, [6], 5, 55) in which the 
oil is mixed with precipitated silica and manganese resinate (as an 
oxygen carrier) gives the results more rapidly, but has not yet dis- 
placed Livache’s method as a practical test. 

Oxygen Absorption :—The tendency of fixed oils to absorb oxygen 
is in direct proportion to their capacity of absorbing bromine or iodine, 
and to the rise of temperature produced on treating them with 
sulphuric acid. This is shown by the fact that it is possible to obtain 
“ozone values”’ of oils corresponding to the iodine values as was shown 
by Fenaroli (Gazzetta, 1906, 36, 292). When dry ozone is allowed to 
bubble through an oil at a temperature not exceeding 40°, the increase 
in weight of the oil exactly corresponds to an addition of 1 mol. of 
ozone for each double-bond in the mol. of the fat. 

Spontaneous Combustion.—Gellatly has pointed out the close re- 
lationship which exists between the drying properties of oils and their 
tendency to inflame spontaneously when exposed to the air in a finely 
divided condition. Useful forms of apparatus for testing the liability 
of oils to spontaneous combustion have been devised by Allbright and 
Clark (J. Soc. Chem. Ind., 1892, 11, 547) and by Mackey (ibid., 1895, 
14, 940). In the latter, 7 grm. of cotton-waste previously soaked 
in 14 grm. of the oil, are placed in a roll of wire gauze 5 inches square 
(24 meshes to the inch), and the whole placed in a water-oven in which 
the water is boiling. A thermometer is passed through the opening of 
the oven, so that its bulb reaches to the centre of the wool in the wire 
roll, and the temperature is taken at regular intervals. All oils that 
take fire or attain a temperature of over 200° in less than 2 hours in this 
test must be regarded as dangerous. (See p. 512.) 

Oxidised Oil. Blown Oil. Base Oil.—The commercial products 
sold under these names are produced by blowing a stream of air 
through a fatty oil—rape, cottonseed, or linseed oil being usually 
chosen for the purpose. A certain initial temperature is necessary to 
start the action, but afterwards the heat produced by the oxidation is 
sufficient to maintain the temperature required. By proper regulation, 
products can be obtained which closely simulate castor oil, and equal 
that body both in sp. gr. and viscosity. Methods of distinguishing 
blown oils from castor oil are given in the section treating of the latter 
product. 
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When oleic acid is exposed to the action of nitrogen trioxide, it is 
gradually converted into the isomeric body elaidic acid, which is solid 
at ordinary temperatures. Olein undergoes a similar change, being 
converted into the solid elaidin, as do also oils in which olein pre- 
dominates. On the other hand, drying oils, in which the chief con- 
stituents are linolenic and linolic acids, are not visibly affected by 
treatment with nitrous acid; and oils largely consisting (probably) of a 
mixture of olein and linolin give less solid products than those with 
olein as a main constituent. 

The effect can be produced by the gas evolved on heating starch or 
arsenous oxide with nitric acid; by a mixture of a nitrite with a dilute 
acid; by dissolving copper or mercury in nitric acid under a layer of the 
oil; by agitating the oil with a freshly prepared solution of mercurous 
nitrate; by the direct use of nitric acid of yellow or reddish color, and 
therefore containing lower oxides of nitrogen; and, lastly, by heating 
the oil with nitric acid until chemical action sets in and gaseous oxides 
of nitrogen are evolved. 

Poutet’s Elaidin Test.—The following method of. applying the 
test devised in 1819 by Poutet is in use in the Paris Municipal Labora- 
tory: 1 grm. of mercury, 5 grm. of nitric acid (sp. gr. 1.35 to 1.41) 
and ro grm. of the oil to be tested, are shaken together for 3 minutes 
in a test-tube, which is then left for 20 minutes, and finally shaken 
again for 1 minute. The changes that subsequently take place are 
then noted, including the time required for solidification when that 
occurs. 

Archbutt’s Modification (J. Soc. Chem. Ind., 1886, 5, 304) gives 
more constant results than the above-described method. The reagent 
is prepared by dissolving 18 grm. of mercury in 15.6 c.c. of nitric 
acid of sp. gr. 1.42 (22.2 grm.) in a stoppered cylinder, 1. part 
(8 grm.) of the resulting green solution is shaken with 12 parts 
(96 grm.) of the oil under examination in a wide-mouthed bottle, 
which is then closed with a stopper and placed in water maintained at a 
constant temperature (not lower than 25°), and shaken at intervals of 
10 minutes for 2 hours. The time required for solidification is of 
greater importance than the consistency of the product. 

The behaviour of the more important liquid fixed oils, when tested 
in the foregoing manner, is as follows: 
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A hard mass is yielded by olive oil, almond oil, arachis oil, lard 
oil, sperm oil, and sometimes neatsfoot oil. 

A product of the consistence of butter is given by neatsfoot, bottlenose 
mustard, and sometimes by arachis, sperm, and rape oils. 

A pasty or buttery mass which separates from a fluid portion is yielded 
by rape (mustard), sesame, cottonseed, sunflower, nigerseed, cod- 
liver, seal, whale, and porpoise oils. 

Liquid products are yielded by linseed, hempseed, walnut, and other 
drying oils. 

In practice, the elaidin test receives its most important application 
in the examination of olive oil, with which it gives a very characteristic 
result. The subject is further discussed in the sections treating of 
olive and rape oils. 

Investigations of the elaidin reaction and attempts to apply it 
quantitatively have been made by Farnsteiner (Zeit. Unters. Nahr. 
Genussm., 1899, 2, 1); by Edmed (Proc. Chem. Soc., 1899, 15, 190); 
and by Lidow (Pharm. Zeit. Russland., 1895, 34, 105; Analyst, 
1895, 20, 178). 

Interaction of Oils with Sulphur Chloride.—The vegetable drying 
oils are converted, on treatment with sulphur chloride (S,Cl,), into 
gelatinous or elastic masses, which are employed as substitutes for 
india-rubber. Bruce Warren investigated the reaction with a view to 
its employment in the analysis of oils (Chem. News, 1888, 57, 113). 


COLOUR TESTS OF OILS. 


Many fatty oils give coloured products when treated with chemical 
reagents, and in some cases these afford valuable means of detecting 
even small quantities of special oils in admixture with other oils. 

The most characteristic of these tests for special oils are Becchi’s and 
Halphen’s tests for cottonseed oil and the Baudouin test for sesame 
oil; these are described under the special sections dealing with those 
oils. : 

Little value can be placed on the results of most of the older colour- 

sts described by Calvert and Chateau, since the particular col- 
orations were often due to accidental impurities in the oils. The 
tests with sulphuric and nitric acid, however, have some value, 
especially when applied simultaneously to specimens of oil of known 
purity. ; 


COLOUR TESTS. 4l 


Sulphuric Acid Colour Test.—The addition of 1 or 2 drops of 
strong sulphuric acid to 20 drops of the oil produces colorations which, 
when observed both before and after stirring, are sometimes character- 
istic. Thus, vegetable non-drying oils often give a light greenish- 
brown colouration, whilst the colours obtained with the more unsatu- 
rated drying oils are red-brown to dark brown. Hydrocarbon oils 
also become dark brown and show a characteristic blue fluorescence. 
The greater degree of coloration produced by more unsaturated oils 
is probably to be attributed largely to the effect of the heat produced 
in the chemical interaction of the oil and acid. 

The sulphuric acid test has a greater value in the examination of 
cod-liver and other marine animal oils, since the presence of choles- 
terol and lipochromes in these oils causes the production of character- 
istic colorations. The colours may be rendered indistinct, however, 
by the charring action exerted by the reagent. This may be avoided 
by dissolving 1 drop of the oil in 20 drops of carbon disulphide, 
and agitating the solution with a drop of strong sulphuric acid. Whale 
oil, when thus treated, gives a fine violet coloration, quickly changing 
to brown, whereas with sulphuric acid alone a red or reddish-brown 
colour changing to brown or black is obtained. 

Nitric Acid Colour Test.—This is useful as a test for the presence 
of cottonseed oil in olive and other non-drying oils. 5 c.c. of the oil 
under examination are shaken with an equal quantity of nitric acid 
of sp. gr. 1.37, and the mixture left for 24 hours. Inthe presence of 
even a small percentage of cottonseed oil there should be a more or 

less pronounced brown coloration. 


PHYSICAL PROPERTIES. 


The general characteristics of the fixed oils have already been 
described. Some of their physical properties are of importance for 
their recognition and estimation, this being especially true of their 
sp. gr., melting and solidifying points, absorption-spectras refractive 
indices, viscosity, and behaviour with solvents. The methods of 
ascertaining these characteristics are described in detail in the following 
sections. 

Cohesion-figures of Oils.—The surface-tension of oils may in 
certain cases be capable of useful application, though its value has been 
much exaggerated. When a drop of oil is allowed to fall gently on to 
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the surface of water, it often behaves in a characteristic fashion, first 
spreading out and then contracting, forming figures which differ with 
the nature of the oil. Descriptions and illustrations of typical cohesion- 
figures are given in Alder Wright and Mitchell’s Ozls, Fats and Waxes, 
1905, p. 50. 

Absorption-spectra of Oils.—The absorption-spectra of the fixed 
oils occasionally afford valuable indications of their purity. For ob- 
serving them a micro-spectroscope may be used, but in many cases the 
light must be caused to pass through several cm. of the oil to be ex- 
amined. Although some vegetable oils give exceedingly striking ab- 
sorption-bands, these are due not to the oils themselves but to the 
chlorophyll and impurities contained in them. Hence the purification 
or clarification of an oil tends to reduce the characteristic nature of the 
absorption-bands, which, indeed, may disappear altogether if the oil 
be long exposed to sunlight. In one particular, however, the absorp- 
tion-spectrum furnishes important information. Thus, no oils of 
animal origin give definite absorption-bands, the spectrum being 
merely obscured at the more refrangible end, whilst in many vegetable 
oils the absorption-bands of chlorophyll are exceedingly well marked, 
especially a band having about the same refrangibility as the line 
termed B. In this way it is easy to detect the presence of rape, 
olive, or linseed oil in sperm, cod, or lard oil. Castor and almond oil, 
on the other hand, give no well-defined bands, and the band at B in the 
case of sesame oil is faint, though there is strongly marked absorption 
of the whole of the red portion nearly up to that point. 

Patterson (J. Soc. Chem. Ind., 1890, 9, 36) devised a special absorp- 
tion spectrum colorimeter for the spectroscopic examination of oils. 
(See also Introduction to Vol. 1.) 

Refractive Power.—Valuable indications as to the purity of fats 
and oils, especially butter-fat, may be gained from the observation 
of the refractive index. The instrument in general use for this pur- 
pose is the butyrorefractometer, which is described in the section deal- 
ing with Butter. In certain cases, however, such as tung oil and 
rosin oils, the indices are outside the scale of the butyrorefractometer, 
and recourse must be had to the earlier instrument of Abbé. 

Abbé’s Rejractometer—The following method of using this instru- 
ment is prescribed by the A. O. A. C.: 


A piece of fine tissue paper, 3 cm, in length by 1.5 cm. in width, is placed on 
the lower of the two glass prisms of the apparatus. Two or three drops of the 
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sample are placed upon the paper, and the upper prisms carefully fixed in posi- 
tion, so as not to move the paper from its place. In charging the apparatus with 
the oil in this way it is placed in a horizontal position. After the paper disc holding 
the fat is secured by replacing the upper prism, the apparatus is placed in its normal 
position, and the index moved until the light directed through the apparatus by the 
mirror shows the field of vision divided into dark and light portions. The disper- 
sion apparatus is now turned until the rainbow colours on the part between the dark 
and light fields have disappeared. Before doing this, however, the telescope, the 
eye-piece of the apparatus, is so adjusted as to bring the cross-lines of the field of 
vision distinctly into focus. The index of the apparatus is now moved back and 
forth until the dark edges of the field of vision fall exactly in the intersection of the 
cross-lines. ‘The refractive index of the fat under examination is then read directly 
upon the scale by means of a small magnifying glass. To check the accuracy of 
the first reading, the dispersion apparatus should be turned through an angle of 
180° until the colours have again disappeared, and the scale of the instrument again 
read, - These 2 readings should nearly coincide, and their mean is the true reading. 
For butter-fats the apparatus should be kept in a warm place, the temperature 
of which does not fall below 30°. For reducing the results to a standard tempera- 
ture, say 25°, deduct 0.000176 for every degree above that point, since, as the tempera- 
ture rises, the refractive index falls. ‘The instrument used should be set with distilled 
water at 25°, the theoretical refractive index of water at that temperature being 


1.3330. 
Oleorefractometer.—The instrument devised by Amagat and 
Jean (Compt. rend., 1889, 109, 616) enables a very rapid compari- 


Fic. 3.—Jean’s Oleorefractometer. (Baird and Tatlock.) 


~ son to be made between the refractive power of a given oil and that 
of a genuine oil taken as a standard. The oil to be observed is in- 
troduced into a hollow prism, which is immersed in a vessel with 
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parallel sides filled with a standard oil. If the refractive power of the 
sample is the same as that of the standard, no deviation of the ray of 
light traversing the apparatus will take place; but otherwise deviation 
will occur, and can be measured on a micrometer-scale placed on the 
eye-piece. The angle of the prism, the neutral or standard oil, and the 
division of the scale are all arbitrary. The standard oil sold with the 
instrument is sheepsfoot oil. 

In the figure, ¢ ¢ represent circular metal vessel with 2 opposite lenses, 
1 1 in front of the glass sides. From these extend the 2 tubes C and 
L, the former terminating in a collimator, V, and the latter in a tele- 
scope, Oc. The glass prism-cell is represented by Cy, whilst Ec is an 
arbitrary photographic scale. The instrument is illuminated by means 
of a gas-jet, and the luminous field may be divided by means of a slide 
into a light and dark portion. 
' In using the oleorefractometer, the outer vessel is charged with the 
standard oil (which gives a zero reading), the oil to be tested placed in 
the inner vessel, and an outer trough (not shown) filled with water. 
The temperature is then brought to 22° by means of the lamp, L P, 
and the deviation read upon the scale. 

The following results were obtained by Pearmain (Analyst, 1895, 
20, 135) with this instrument: 


Oil or fat le ‘ oy Highest | Lowest | Average 
Temperature 22°, 
PATIO MG erate ats one carter eames crete trots 8 + I0.5 8.0 9.5 
ATA CIS ca a stererera mis scthajectoee oe nate eee ies 5 + 7 On) SRO 6.0 
IBGELLENOSE IN ve ergeuleasteehagee ota acetate I + 50.0 | 50.0 | 50.0 
Cabbage seed: ccavaistr ener crest I - ES'30.4! 150) |) 15.6 
Castoreere pre ccs, nceetemia severance 8 + A2.0 | 30.0 | 40.0 
Godlivenk ave tai No velar oe ae 8 a 46.0 | 40.0 44.0 
Cottonseedi (crude). nese emer 3 + On| 00). ON tO 5 
@ottonseed (refined)j. ane ee sees 6 + Bo rOmlee 7). Onl) aikas 
Hempseed 6.052 ass sane genes tis 4 + CECA. |eCTaroie lek ioen cy 
Mare? Ol grr patnccca Setitel reich Riese tee 6 =e er 0) |) 0,0 0.0 
Heinseecu(Chude) tp wen aeitnemcire ii 3 oP D0, 1145.08 5050 
Minseedi(relined) Gaemreners cnn nie i + BAGO |) 50,0) |) 50.0 
UNCaSIOOL else seeNaehs sve er. sentir 2 _ 3.0) i, Ee0 250 
INI SERSOSC cians sia Chora Maca se ata wives 2 + 80:0 | 20,0) |) 28.0 
DERG Ba ge ROP Noes ERG cI oe I05 + 3.5 I.0 20) 
Reachakernel ick haa delerscteen ae eens 2 + THUS Mh AG, 9.5 
Bilehardl macy testgan sash sateen 2 + BORG s2scn i o4n0 
POP DYRSCEG sa wlesae. achive ake SEM 3 + 35.01)\30.00) 5 33\.C 
Rape SU actoloic Cee Ppaletaee Rae ao Mtoe. 8 + 20.0 | 16.0 ny Jal 
NAVIGON te eer tas LAS hye oe aia. oe 2 + 24.0 | 20.0 22.0 
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. . of ia- |,7- 
Oil or fat ae : Ske Highest | Lowest |Average 
Temperature 22°. 
de Si orate kclo SCG eae NI Rs aoe Dotouo: ChcccCe 2 + BO. OM 20-0 33.0 
ivy QI 0.0 ODOS RADON Go OOO Aus GOOF 5 i £7.20 .-1 13 <0 Pan) 
SDS SCC EE Reece or mies id he 3 Oni Pew Ne ege 
DUNMOWEIUM roe ase card ee ate ee I + ens nae 35.0 
LRM AGU, mac res aera Ore ie icc 2 ~_ Rael secon |) meets 
neces = Air) Sf ae CR Sie eR eC eercracen ae I ae S208) S20 8.0 
WURYES. cus Giocougicndeaten hb Bee tpin Ome Cen G.-ai 6 cee I ae 75.0 | 75.0 75.0 
Whale. . AO CREO LET ETERS 2 + ASeO ul 4220) 95\\"A5 0 
OICICRACK Ae citer acca veel oslo oie ee aa ahecaianere 3 — Sor Cue2OL© ain32 50 
Temperature 45°. | 
BULLET eTab eee ice eater cents cme ta acca I5 - BArOt 25-0 1) 30,0 
ND aN Pa TITS ei can niche cides sic suave tus. eae regen 4 - TSvOmeT SOMITE. 
ay Sad COM aS Ho 6 ere ace cee 2 — oh 8.0 ee 
Witeetneniar terme ahaa oc nce cite - TSEOH NTS <0] 10.70 
Bara tine (SOLt) eres -tteiaantte areca haloes 2 =e 58.5 | 54.0 | 56.0 
Action on Polarised Light.—Most of the vegetable oils in com- 


mon use are either neutral or slightly levorotatory (—o0.1° to —1.5° 
in a 200 mm. tube in the polarimeter). Hence, rosin oil, which is 
strongly dextrorotatory, may often be detected by means of this test 
in drying oils. Olive oil and sesame oil have a slight dextrorotation, 
whilst castor oil and croton oil (qg. v.) are strongly dextrorotatory. 
For the values obtained with various oils see Alder Wright and 
Mitchell’s Oils, Fats and Waxes, 1903, p. 52, and Peter, Bull. Soc. 
Chem., 1887, [2], 48, 483. 

Electrical Conductivity——The measurement of the specific resist- 
ance offered by solutions of the potassium soaps obtained under 
standard conditions from different oils and fats affords a means of 
distinguishing between them. A method was devised by Herlant 
(Bull. de VAss. belge Chim., 1896, 10, 48). 

Heat of Combustion.—Measurement of the heat of combustion of 
different oils and fats may be used in their analytical differentiation 
and in obtaining data as to their food value. A table of the values 
obtained with the different fatty acids is given by Stohmann, Kleber, 
Langbein and Offenhaur (J. pr. Chem., 1894, 49, 99); while results 
obtained with various oils and fats and their adulterants are given 
by Schweinitz and Emery (J: Amer. Chem. Soc., 1896, 18, 174) and 
Sherman and Snell (ibid., 1901, 23, 164). For the detection of 
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adulteration the heat of combustion offers no advantage over simpler 
methods of analysis. 

Viscosity.—A useful physical test for oils is based on their relative 
“body” or viscosity, a property which may be regarded as the converse 
of fluidity. The viscosity is usually compared with that of rape oil, 
but it may also be referred to water or glycerol as a standard. The 
subject is fully discussed in the section on the “Examination of 
Lubricating Oils.” 

Specific Gravity.—The sp. gr. of the fixed oils and fats is a prop- 
erty largely dependent on their constitution, and hence is more or 
less characteristic of each particular oil. As a rule, the sp. gr. of 
different samples of the same kind of oil varies within very narrow 
limits, but it is liable to be affected by the treatment to which the oil 
may have been subjected in the process of refining, the presence of free 
fatty acids, the age of the oil, and the amount of oxidation it has under- 
gone, and by other circumstances. 

The sp. gr. of fixed oils may be ascertained by the usual methods, 
but great care is necessary. Owing to the high coefficient of ex- 
pansion of oils, the temperature at which the observation: is made 
should be carefully noted, and in accurate observations the ther- 
mometer employed should be an instrument the indications of which 
have been verified. 

When a sufficient quantity of the sample is available, and results of 
extreme accuracy are not required, sp. gr. can be ascertained readily 
and satisfactorily by means of an accurate and delicate hydrometer. 
In any observations, save those of the roughest kind, the oil should 
be brought accurately to the standard temperature by immersing the 
hydrometer-glass in water, cooled, if necessary, to 15.5° by dissolv- 
ing in it sodium thiosulphate or ammonium nitrate. The hydrometer 
should be immersed in the oil for 5 or 10 minutes, and the tempera- 
ture again observed before taking a reading of the sp. gr., as the use of 
a warm hydrometer may cause an increase of several degrees in the 
temperature of the oil. Of course, in taking sp. gr. by a hydrometer, 
the accuracy of the instrument employed is presupposed, but many of 
the instruments sold are inaccurate to the extent of several degrees. 

The sp. gr. bottle and Sprengel-tube (see Vol. 1) may also be em- 
ployed for ascertaining sp. gr. of oils, and allow of more accurate 
estimations than can be made with a hydrometer. The weight of 
distilled water which the bottle or tube holds at a temperature of 
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15.5° is usually (at least in England) taken as the unit of comparison 
in stating the sp. gr. of fixed oils. 

Solid Fats and Waxes.—As many of the fixed oils are solid or 
semi-solid at the ordinary temperature, their sp. gr. are not directly 
comparable with those of the fluid oils. This difficulty may be 
obviated by taking the sp. gr. of the melted substance at some higher 
temperature, preferably the b. p. of water. This may be done with a 
hydrometer or balance, if the cylinder containing the oil be kept for a 
sufficient time in boiling water before the reading is taken. A sp. gr. 
bottle is less convenient, but with the Sprengel-tube great accuracy is 
possible. The weight of the Sprengel-tube and of the volume of water 
it contains at 15.5° being known, the tube should be completely filled 
with the oil, by immersing one of the orifices in the liquid and ap- 
plying suction at the other. The tube is placed in a conical flask con- 
taining water which is kept vigorously boiling, a porcelain crucible- 
cover being placed over the mouth of the flask. The oil expands and 
drops from the orifices. When this ceases, the oil adhering to the 
outside is removed by the cautious use of filter-paper, the tube removed, 
wiped dry, cooled, and weighed. ‘The weight of the contents divided 
by the weight of water contained at 15.5° will give the sp. gr. at 100° 
compared with water at 15.5°. 

When the amount of material is sufficient, the observation may be 
made by means of the plummet (Westphal’s balance), the use of 
which leaves nothing to be desired on the score of rapidity, accuracy, or 
ease of manipulation. In taking sp. gr. by the plummet at the b. p. 
of water, it is desirable to employ a cylindrical bath of metal (Fig. 4), 
the top of which is perforated by two orifices. One of these is fitted 
with an upright tube, which serves to convey the steam away from the 
neighbourhood of the balance, while into the other a test-tube, 6 in. in 
length and 1 in. in diameter, fits tightly, the joint being made perfect 
by a ring of cork or india-rubber. The test-tube is filled with the oil, 
the sp. gr. of which is to be ascertained, and the plummet immersed 
init. The water in the outer vessel is then kept in constant ebullition, 
until a thermometer, with which the oil is repeatedly stirred, indicates 
a constant temperature, when the plummet is attached to the lever of 
the balance, and counterpoised in the usual way. (See also Vol. 1 for 
improved methods of ascertaining sp. gr.) 


1Qil merchants frequently use a hydrometer on which water is marked o° and rape 
oil 28°. 
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Hager has devised an ingenious method of ascertaining the sp. gr. 
of solid fats at the ordinary temperature. The fat is melted and 
drawn up into a pipette, from which it is allowed to drop slowly from 
the height of 2.5 cm. into cold alcohol contained in a flat-bottomed dish, 
care being taken that each drop of fat falls in a different place. An 
alternative plan is to melt the fat in a small-lipped capsule and allow 
drops of it to fall on a plate of glass which has been previously wiped 
with a wet cloth. On placing the glass 
in cold water, the drops usually be- 
come detached on the slightest touch, 
but if necessary can be removed with 
a knife after half an hour. The fat- 
globules obtained by one of the above 
methods are removed to a beaker 
containing dilute alcohol. The sp. 
gr. of the liquid is then adjusted by 
addition of alcohol or water, till, after 
careful stirring, the fat-globules re- 
main in equilibrium in any part of 
the liquid at a temperature of 15.5°. 
Ammonia may be substituted for the 
spirit if preferred. The sp. gr. of 
the liquid is then taken, and the result 
obtained recorded as the sp. gr. of the 
suspended fat. The great objection 
to this method is that fats and waxes which have undergone sudden 
cooling have abnormal sp. gr. On this account it is far preferable 
to employ for the experiment fragments which have been cut off a 
mass cooled under normal conditions. 

A good method of preparing beeswax and other waxes for this test 
is to pour the melted substance into a cylinder about 0.5 inch in 
length cut from narrow glass tubing. The lower end of this is kept 
pressed against a glass plate until the wax solidifies, after which the 
outside of the glass is gently warmed, and the core of wax pushed out, 
and allowed to stand for some hours at the ordinary temperature. It 
is then brushed over with dilute alcohol, to prevent the subsequent 
occurrence of air-bubbles, and is immersed in spirit which is diluted or 
strengthened until of the same sp. gr. as the wax. 

The following table shows the sp. gr. (observed by Allen) at differ- 


FIG. 4. 
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ent temperatures of various fats and other substances which are solid 
at the ordinary temperature. In each case the examinations were 
made on the same sample of substance by the plummet method. A 
column is added showing the difference in sp. gr. corresponding to a 
change of 1°. 

The values obtained at the higher temperature were not corrected for 
the expansion of the glass plummet of the apparatus, and hence many 
of them are too low by about 0.01 to 0.02. 


Sp. gr. of melted fats, etc.; water at | Difference 

Dat tine ‘ok fat, ete: 15:5° C. (60° F.) =1,000 for 1° 
Palmavoil ie sieutietl- ciel) 3.0: 893.0 at 50° 858.6 at 98° 0.717 
(CAYEEK OS DUIS? con onaooeae 892.1 at 50° 857.7 at 98° 0.717 
PAD AWA Xie Pres eevee, ate ae gor.8 at 60° | 875.5 at 98° 0.692 
allow o5 2-2-0» .-0+-| 895.0. ab 50° | ~862.6 at 98° 0.673 
ARC efoto raeenetcacehs ate hele oe 898.5 at 40° 860.8 at 98° 0.650 
IBIELERING nerigeim: pisuctjae evans 898.2 at 4o° | -859.2 at 98° 0.672 
BUiter lath niece te 904.1 at 40° | 867.7 at gg° 0.617 
Cocanutistearin a-nericsntn-- 895.9 at 60° | 869.6 at gg° | 0.674 
CoconUGioile rr srcmcraes ass) QII.5 at 40% 873.6 at 99% 0.642 
JeehnaasaRhliCeyll oc oe gee cua ata o QII.9 at 4o%X | 873.1 at 99% 0.657 
SPSLMACe ieee waewe smc arin 835-8 at 60° 808.6 at 98° | 0.716 
Bees werxtay. pret wcheqetilcreieissletene 835.6 at 80° 822.1 at 98° | 0.750 
@arnatiba, Wax ms<<07r ee: 850.0 at go° 842.2 at 98° 0.9752 
Stearic acid (commercial)...| 859.0 at 60° 830.5 at 98° 0.750 
Oleic acid (commercial) ....) 903.2 at 15.5° 848.4 at 99° | 0.656 
Barathininwwasyauccs,= escicies5. = 7SOa5 ab OO e753. Onat Ose) 0.724 


The figures in the foregoing table represent merely the sp. gr. 
possessed by particular samples of different oils. The limits of varia- 
tion of sp. gr., and the value of it as a means of recognising and esti- 
mating the amount of the various fixed oils in mixtures are discussed 
in a separate section. 

Coefficients of Expansion.—It is always desirable to determine 
the sp. gr. of oils at the standard temperature, but in many cases in 
which this cannot be done a suitable correction may be made. The 
rate of expansion of an oil may be found by estimating the sp. gr. at two 

1The samples of coconut oil and palmnut oil were old, and had been frequently melted. 


Some time previously they showed sp. gr. notably less than the figures stated in the 


table. 
2 For obvious reasons, the rate of expansion of carnatitba wax is only a rough estimation. 
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given temperatures as far apart as possible.t The rates of expansion 
of the solid fats, etc., are given in the table on page 51, while from the 
figures recorded on page 49 Allen calculated the rates of expansion of 
various oils fluid at ordinary temperatures. The following table shows 
the values so obtained, together with certain data published by other 
observers: 


Nature of oil Prctad be Observer Nature of oil Pie ae Observer 
Sperm oil....... 0.648 | A. H. Allen | Olive oil.......| 0.629 | C. M. Stillwell 
Bottienose oil...| 0.643 | A. H. Allen | Arachis oil.....| 0.655 | A. H. Allen 

Rape oil.......| 0.620 | A. H. Allen 
Whale oil....... 0.697 | A. H. Allen Sesame oil..... | 0.624 | A. H. Allen 
Whale oil....... 0.722 C. M. Wetherill || Cottonseed oil. -| 0.629 A. H. Allen 
Porpoise oil..... 0.654 A. H. Allen Coconut olein..) 0.665 A. H. Allen 
Seal oii. ares «4 0.615 | A. H. Allen | | 
Shark-liver oil..| 0.648 | A. H. Allen | Nigerseed oil...) 0.637 | A. H. Allen 
Codliver oil ....| 0.646 | A. H. Allen | Linseed oil.....| 0.649 | A. H. Allen 
Menhaden oil...| 0.654 | A. H. Allen | | 

Castor od ca. | 0.653 | A. H. Allen 
Neatsfootoil...| 0.625 | A. H. Allen | 
oar) ole: Meera s 0.658 | C.M, Wetherill | 


It is evident that the coefficient of expansion of an oil may be deduced 
by dividing the temperature-correction by the sp. gr. Thus the 


6 
= 9:200715 for each de- 


coefficient of expansion of olive oil will be 


gree centigrade. 

From the foregoing data Wright (J. Soc. Chem. Ind., 1907, 26, 513) 
has calculated the numerical value of the approximate modulus of ex- 
pansion, m. If 5,,S, and S, represent the sp. gr. of the same fat at 
the respective temperatures O°, ¢° and T° (water at 15.5°=1) then 

S;=S,(1—mt), 
and S,=S,(1—mT), 
The mean value of the m in the case of the 30 oils, etc., examined by 
Allen is approximately 0.0007; whence is obtained the equation 
Of OOO, 
St 1—0.0007T’ 


or if t=15.5°., 


0.98915 
S nF ‘ 2 
me I —o0.0007T 


1 Thus a sample of rape oil was found to have a s is 
m D und p. gr. of 915.0 at_15.5°, and 863.2 
at 98°, the difference being 51.8. _ Dividing this by 82.5, the difference between the tem- 
peratures at which the observations were made (98.0o—15.5=82.5), the figure 0.628 is 
obtained as the correction to be made for a variation of 1° from the standard temperature. 
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The following table gives the value of this factor for each degree from 
10° to 25°., so that the sp. gr. of any oil, fat or wax estimated at a 
temperature other than 15.5° may be rapidly corrected to the latter 
temperature. 


AES Factor INGE Factor 
Io mete: 18 I.00177 
ea 
II I ae) I.00248 
T.00318 
12 I 20 I.00319 
I.00248 | 
13 I 21 I .00391 
I.00177 
I4 if 22 I .00462 
I. 00106 
15 I 23 I .00534 
I .00035 
16 I .00035 24 1.00605 
17 I .0o106 25 1.00677 


Melting and Solidifying Points.—The observation of the solidify- 
ing point of an oil is often of considerable importance, especially in the 
case of lubricating oils, in which too high a m. p. is a decided disad- 
vantage. Similarly, the suitability of the solid fats for many of the 
purposes to which they are applied is greatly dependent on their m. p. 

Entire uniformity of solidifying or melting-point in the case of 
particular oils and fats is not to be expected, as the natural fats consist | 
of a mixture of liquid and solid substances, the proportions of which 
may vary considerably in different samples of what is nominally the 
same substance. Moreover, the melting-points, like the sp. gr. of the 
natural oils and fats, are liable to obscure alterations on keeping, and 
are further modified by the presence of varying amounts of free acid. 

It has also been observed that many of the fats solid at the ordinary 
temperature have at least two distinct m. p. Thus the ordinary 
clarified tallow of commerce, if previously melted at a temperature con- 
siderably above its m. p., shows a m. p. of 35° to 36°. If it be care- 
fully remelted at that temperature, cooled, and the m. p. again taken, 
the reading will sometimes be found nearly 12° above the former 
estimation. 
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This phenomenon of double m. p., which is a striking characteristic 
of the mixed glycerides isolated from various fats, has been shown by 
Griin and Schacht (Ber., 1907, 40, 1778) to be due to the existence of 
two isomeric modifications of such glycerides, the one of lower m. p. 
being the more unstable, and undergoing gradual.transformation into 
the modification of higher m. p. 

Melting Poini.—The substance is melted at a temperature 
slightly above its fusing point, and drawn up into a very narrow 
glass tube (made by drawing out one 
end of a piece of ordinary quill tubing), 
where it is allowed to solidify spontane- 
ously. After an interval of not less than 
1 hour and preferably 12 hours the tube, 
open at both ends, is attached by a cork 
or india-rubber ring to the stem of a 
thermometer in such a manner that the 
part of the tube containing the substance 
is at the same level as, and in close 
proximity to, the bulb. The thermom- 
eter, with its tube, is then immersed in 
water, which is gradually heated at a rate 
not exceeding 0.5° per minute until 
fusion of the contents of the capillary 
tube takes place, when the temperature 
is recorded. The flame is then removed, 
and the temperature at which the fat resolidifies also observed. In 
cases in which the melting and solidifying points are not notably 
different, it is usual to record the mean of the two as the true m. p. 
of the substance. It is desirable to immerse the beaker of water con- 
taining the thermometer in an outer vessel also filled with water, and 
to apply the source of heat to the latter. A 500 c.c. flask, from which 
the neck has been cut off, filled to the brim (Fig. 5), furnishes a very 
convenient water-bath, and allows of a very regular and gradual 
heating of the water contained in the beaker placed in its mouth. 

The foregoing method is applicable only to bodies melting above the 
freezing point of water, but by substituting strong brine for the water, 
much lower temperatures may be observed. 

By using a tube with its capillary end sealed up, and placing the fat 
in the upper part of the tube, the softening point, which is frequently 
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appreciably lower than the m. p. (the temperature at which the fat 
falls to the bottom of the tube), may be ascertained, while the point of 
resolidification is also more accurately observed than is possible in an 
open tube. 

The method of ascertaining the softening point devised by Bevan and 
Cross (J. Chem. Soc., 1882, 41, 111) gives very accurate results, and is 
specially suitable for cases in which the fat does not melt readily (see 
Fig. 6). 

A very thin piece of sheet-iron (ferrotype plate) is cut into an ellipti- 
cal form, about 1 in. long by 1/2 in. wide. At one of the foci (A) a 
small depression is made, and at the 
other a hole (B) is cut, of such size 
as to allow the plate to be fixed on to 
the elongated bulb of a thermome- 
ter (C), so as to project therefrom 
at right angles. A glass float (D) is 
made by blowing a small bulb at 
the end of a capillary glass tube 
about 3 in. long, a small looped or 
hoe-shaped piece of platinum wire 
(E) being sealed into the bulb at the 
end opposite the stem of the float. 
To make an observation, a very 
- small quantity of the sample is 
melted in the indentation of the 
iron-plate; and, while still liquid, 
the loop or hoe of the platinum 
wire of the float is immersed in it and allowed to become fixed by 
the spontaneous solidification of the substance, the stem of the 
float being supported in a vertical position. A thermometer is 
then cautiously introduced into the hole in the plate, and with it 
supported in a small beaker, which is then filled with mercury or 
other liquid. This is then gradually heated till the substance under 
observation melts, when the float is released and instantly rises to the 
surface of the liquid. The results are very concordant, and free from 
certain sources of error to which observations made by the capillary- 
tube method are liable. 

A very rapid method of ascertaining both the temperature of incipient 
fusion and that of complete liquefaction is to place fragments of the 
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material upon the surface of clean mercury (previously chilled if 
necessary) in a small basin, which is placed on a water-bath. The 
temperature is very gradually raised, and the point at which the sub- 
stance changes its form is ascertained by means of a sensitive ther- 
mometer. 

Modifications of this method, in which the substance, on fusing, com- 
pletes an electric circuit 
and rings a bell, have been 
devised by Loewe (Ding- 
ler’s polyt. J., 1871, 201, 
250) and Christomanos 
(Ber., 1890, 23, 1098), and 
an arrangement of the 
kind is in use in the Paris 
Municipal Laboratory. 

A. O. A. C. Method.— 
The melted and filtered 
fat is allowed to fall from 
a dropping-tube from a 
height of from 15 to 20 
cm. on a smooth piece of 
ice floating in distilled 
water that has been re- 
cently boiled. The discs 
thus formed are from 1 to 
1.5 cm. in diameter, and 
weigh about 200 mg. By 
pressing the ice under the 
water the discs are made 
to float on the surface, 
whence they are easily 
removed with a steel 
spatula, which should be 

Fic. 7. cooled in the ice-water 
before using. 

The apparatus (see Fig. 7) consists of a test-tube 30 cm. long and 3.5 
cm. in diameter, supported in a boiling tube 35 cm. long and 10 cm. 
in diameter. The test-tube contains a mixture of alcohol and water 
prepared by separately boiling distilled water and 95% alcohol for ro 
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minutes to remove the gases which they may hold in solution. While 
still hot, the water is poured into the test-tube until it is nearly half full. 
The test-tube is nearly filled with the hot alcohol, which is carefully 
poured down the side of the inclined tube to avoid too much mixing. If 
the alcohol is not added until the water has cooled, the mixture will con- 
tain so many air-bubbles as to be unfit for use. These bubbles will 
gather on the disc of fat as the temperature rises and finally force it to 
the top. The test-tube containing the alcohol and water is placed in 
the boiling tube containing water and ice, until cold. The disc of fat 
is then dropped into the tube from the spatula and at once sinks to 
the part of the tube in which the sp. gr. of the diluted alcohol is exactly 
equivalent to its own. 

A sensitive thermometer graduated in tenths of a degree is now 
lowered into the test-tube until the bulb is just above the disc, and is 
subsequently used as a stirrer to secure uniformity of temperature in 
that vicinity. 

The water in the boiling tube is now slowly heated and kept con- 
stantly stirred by means of air introduced by a rubber blowing-bulb 
attached to a glass tube extending nearly to the bottom of the vessel. 
When the temperature of the alcohol-water mixture rises to about 6° 
below the m. p., the disc of fat begins to shrivel and gradually rolls up 
into an irregular mass. The thermometer is now lowered until the 
fat particle is even with the centre of the. bulb, which should be small, 
so as to indicate only the temperature of the mixture near the fat. 
A gentle rotatory motion is given to the bulb, the temperature being 
meanwhile so regulated that the rise of the last 2° takes about ro 
minutes. As soon as the mass of fat is seen to become practically 
spherical, the reading is taken, with the aid of a cathetometer or 
reading-glass. 

The test-tube is now removed and replaced by a second one con- 
taining alcohol and water, and a new observation made with another 
disc of the fat, the temperature of the bath being now so regulated as 
to reach a maximum of about 1.5° above the m. p. of the substance. 
The new reading should be checked by a third observation, which 
should be in close agreement with the second result. 


Solidification Point. 


Dalican’s Method.—The useful technical method, devised by 
Dalican in 1868 for the examination of fatty acids, is largely employed 
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in commercial work in England and France under the name of the 
“‘ titer test.’ A test-tube, about 5 in. in length by 2/3 in. in diameter, 
is fitted with a ring or collar of cork or india-rubber, by which it is 
fixed in the mouth of an empty bottle or flask. The melted substance 
is then poured into the (warmed) tube till it is about 2/3 filled, and a 
delicate thermometer, previously warmed, is suspended freely in the 
liquid, so that the bulb may be wholly immersed. When the fat com- 
mences to solidify at the bottom of the tube, it is slowly stirred by 
giving the thermometer a circular movement first 3 times to the right 
and then 3 times to the left. At first the mercury falls, but subse- 
quently rises to a point at which it remains stationary for about 2 
minutes. This temperature is taken as the solidification point of the 
substance, and the results are very constant provided the same ap- 
paratus and method of working be employed. 

Modification of Dalican’s Method (Official in United States) —The 
following is the A. O. A. C. method: 25 grm. of the fat are saponi- 
fied in a metal dish with 60 c.c. of 30% sodium hydroxide (36° B.) 
and 75 c.c. of 95% alcohol or 120 c.c. of water, and the mass evapo- 
rated to dryness. The dry soap is dissolved in 1,000 c.c. of boiling 
water, and the solution boiled for 40 minutes to expel all alcohol, 
and then treated with 100 c.c. of 30% sulphuric acid (25° B.) 
and heated until the fatty acids are clear. The fatty acids are then 
thoroughly washed, separated from the water, filtered through a dry 
filter and dried for 20 minutes at 100°. 

The dried fatty acids are allowed to cool to 15° to 20° above the 
expected m. p., and poured into a test-tube 1oo mm. in length by 
25 mm. in diameter, which is fitted by means of a cork into a flask 150 
mm. in height by 70 mm. in diameter. The thermometer graduated 
from 10° to 60° in tenths of a degree is passed through an opening in the 
cork of the tube, so that its bulb reaches to about the middle of the 
material. The 10° mark on the scale should be 3 to 4 cm. above the 
bulb and the entire length of the thermometer should be about 36 cm. 
The estimation should be made with the outside temperature about 
10° lower than the solidification temperature. The readings should be 
made at short, preferably equal, intervals, and the maximum point 
reached in the short rise after the mercury ceases to fall is the solidi- 
fication point or ‘“‘titer.”” Duplicate observations should agree 
within o.1. 

Finkener’s Method (Official for Customs Examination in Germany). 
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—This method is used in Germany for the technical differentiation 
of lard, tallow, and candle-fats. If the solidification point is below 
30° it belongs to the first class; between 30° and 45°, to the second 
(tallows); and above 45°, to the third. Pressed tallow, however, may 
still pass as tallow even with a solidification point above 50°, provided 
it be declared as such and does not contain more than 50% of free fatty 
acids. In Finkener’s method (Chem. Zeit., 1896, 20, 132) the fatty 
acids are dried as in Dalican’s method and a larger quantity (150 
grm.) introduced with a flask of prescribed dimensions up to a 
definite mark, the flask being then closed by means of a delicate ther- 
mometer on which is an expansion ground to fit the neck of the flask. 
The flask is then placed in a wooden box, in the top of which is an 
opening for the stem of the thermometer. The whole is allowed to 
stand and the readings taken at intervals of 2 minutes after the tem- 
perature has fallen to about 50°. The solidification point thus es- 
timated is slightly higher than that given by the original Dalican 
method. This method offers no advantages over the ordinary 
method. 

Wolfbauer’s Method (used in Austria).—A test-tube 15 cm. long 
and 3.5 cm. in diameter is nearly filled with the melted fatty acids, 
and closed by means of a cork through which passes the thermometer. 
The tube is then fitted through an opening in the cork of a wide- 
mouthed bottle. The mass is stirred with the thermometer until it 
becomes turbid, and the readings then taken without further stirring 
(Mitt. d. k. k. techn. Gew. Mus. in Wien., 1894, 57). 

Shukoff’s Method (used in Russia).—The melted fatty acids are 
introduced into a tube which is fitted into a bottle, as in Wolfbauer’s 
method, though the dimensions are different. As soon as the tem- 
perature has fallen to within 5° above the expected solidification 
point, the apparatus is vigorously shaken from the top to the bottom, 
until the contents of the tube become turbid, the readings being then 
taken. Results thus obtained agree closely with those given by 
Wolfbauer’s method. A vacuum-jacketed tube closed by means of 
a rubber cork was also employed by Shukoff, but his later apparatus 
mentioned above is more commonly used (Chem. Rev. Fett. u. Harz. 
Ind., 1899, 6, 11; Chem. Zeit., 1901, 25, 111). 

In comparing results obtained by the foregoing methods it has been 
found that the method and duration of saponification have no material 
influence, provided that the alcohol used is subsequently completely 
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expelled, and that the fatty acids are thoroughly dried. Thus the 
solidification point of properly dried acids may be 0.6° above that of 
the same acids in which a trace of moisture has been left. The form 
of the apparatus has an influence when the quantity of fatty acids used 
is small, and cooling from outside proceeds too rapidly. Until an in- 
ternational method has been fixed, it is advisable in giving results to 
state the method by which they were obtained. 

Temperature Tests.—The rise of temperature which ensues on 
treating a fixed oil with concentrated sulphuric or nitric acid, or 
bromine, is a measure of the extent and intensity of the chemical 
action which ensues. The use of sulphuric acid was originally pro- 
posed by Maumené (Compt. rend., 1852, 35, 572). 

Maumené Test.—The following method of applying this test is 
recommended by Archbutt, and is in common use: 50 grm. of the oil 
are weighed into a 200 c.c. beaker, and the latter immersed in a 
capacious vessel of water, together with the bottle of strong sulphuric 
acid, until they are both at the same temperature, which should not 
be far from 20°.. The beaker containing the oil is then wiped, and 
placed in a cotton-wool nest previously made for it in a cardboard 
drum, or a wider beaker. The immersed thermometer is then ob- 
served, and the temperature recorded. 10 c.c. of the concentrated 
sulphuric acid should then be withdrawn ftom the bottle with a 
pipette, and allowed to run into the oil. During the addition of the 
acid, which should occupy about 1 minute, the mixture must be con- 
stantly stirred with the thermometer, and the agitation continued 
till no further rise of temperature ensues. This point is readily ob- 
served, as the indication remains constant for a minute or two, and 
the temperature then begins to fall. 

The results obtained from a-particular oil are remarkably constant, 
when the acid is of a uniform strength and a defined method of ma- 
nipulation is rigidly adhered to, but apparently insignificant differences 
in the mode of operation result in serious discrepancies in the results. 
Thus, Archbutt observed a rise of 78.5°, when the oil was stirred until 
all the acid was added and the thermometer then held stationary in 
the middle of the oil, but when the stirring was continued until no 
further rise of temperature was observed, the increase was only 73.5°. 

When the temperature exceeds 60° it is impossible to obtain concor- 
dant results. Maumené, therefore, advocated diluting highly unsatu- 
rated oils, such as linseed or marine animal oil, with olive oil, so as 
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to prevent charring of the mixture, whilst Ellis (J. Soc. Chem. Ind., 
1886, 5, 161) recommended the use of mineral oil for the purpose. 

Carbon tetrachloride, however, is preferable to either of these sub- 
stances as a diluting agent, and Mitchell (Analyst, 1901, 26, 169) has 
shown that, when the oil is diluted with that substance, the rise of 
temperature with unoxidised oils is, in most cases, proportional to the 
rise of temperature with bromine. This indicates that, under such 
conditions, the rise in temperature is probably due solely to absorption 
of the sulphuric acid by the unsaturated bonds. 


Rise of temperature with sulphuric acid; ° 
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Owing to the notable difference in the rise of temperature caused by 
comparatively slight variations in the mode of operating, many of the 
recorded figures obtained by Maumené’s test have little value. Hence 
it is desirable to compare a sample with one or more oils of known 
purity under exactly similar conditions. The figures in the table 
show the kind of result to be expected from various oils, but they must 
not be relied on too rigidly. 

From these figures it will be seen that with some mixtures, for in- 
stance olive with cottonseed oil and rape with linseed oil, the rise of 
temperature with sulphuric acid may afford a means of forming an 
approximate estimate of the proportion of ingredients. 

In order to obviate the effects of the use of different strengths of acid, 
Thomson and Ballantyne (J. Soc. Chem. Ind., 1891, 10, 233) ascer- 
tain the rise of temperature obtained on mixing 50 grm. of water with 
ro c.c. of strong sulphuric acid and under precisely the same conditions 
as those used for testing the oil. The specific temperature-reaction of 
the oil is obtained by multiplying the rise of temperature of the oil- 
acid mixture by 100, and dividing by the rise of temperature of the 
water-acid mixture. 

It is probable that the Maumené test will, ere long, be entirely dis- 
placed by more accurate methods, though it is still frequently employed 
as a rapid means of obtaining preliminary information. 

The bromine thermal method devised by Hehner and Mitchell 
(Analyst, 1895, 20, 146) is based upon the fact that the heat evolved on 
the addition of bromine to unsaturated fatty acids or glyceridesis, asa 
rule, proportional to the degree of unsaturation. Thus, when once 
a relationship has been established between the iodine value of an 
ordinary unoxidised fat and its bromine thermal value obtained under 
standard conditions, the degree of unsaturation (i. e., the iodine value) 
of similar fats may be rapidly ascertained. 

r grm. of, e. g., lard, the iodine value of which has been accurately 
determined by Hiibl or Wijs’ method, is dissolved in ro c.c. of 
chloroform or carbon tetrachloride in a small Dewar’s vacuum-jacketed 
tube, and the temperature of the solution taken by means of a standard 
thermometer graduated in tenths of adegree. 1 c.c. of bromine is then 
introduced by means of Hehner and Mitchell’s bromine pipette,! the 


‘ nes consists of a 1 c.c. pipette, connected at the top with a tube bent twice at 
right angles and containing caustic lime kept in position by means of asbestos plugs. 


es applying suction to the end of this tube, all bromine vapour is retained by 
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mixture rapidly stirred with the thermometer, and the rise in tempera- 
ture recorded. 

The ratio between the values gives a factor (e. g., 5.5), which, 
when multiplied by the rise of temperature observed under identical 
conditions with a similar fat or oil, gives a result in close agreement 
with the iodine value of the latter. 

An apparatus thus standardised for lard gives good results with 
other animal body fats, with butter, and with most unoxidised vege- 
table oils and fats. It does not give concordant values, however, with 
Japanese wool (tung) oil, blown rapeseed oil, blown cottonseed oil and 
boiled linseed oil, evidently owing to substitution of the bromine 
taking place in these cases. 

The value and limitations of the bromine thermal process are dis- 
cussed by Jenkins (J. Soc. Chem. Ind., 1897, 16, 194) and by Archbutt 
(ibid., 309), and modifications have been proposed by Wiley (J. 
Amer. Chem. Soc., 1896, 18, 378) and by Gill and Hatch (ibid., 1899, 
21, 27). These modifications offer no advantage over the original 
method. 

Solubilities of Fats and Fixed Oils. 

Fats and oils are, without exception, insoluble in water and aqueous 
liquids generally. 

In cold alcohol the fixed oils are, as a rule, but little soluble, and the 
solid fats and waxes still less so. In boiling.alcohol, however, some of 
the fluid oils dissolve to a considerable extent, especially if the solvent 
is anhydrous. In many cases, statements as to the solubility can only 
be regarded as giving a rough indication of the amount of free fatty 
acids in the sample examined. Speaking generally, it may be stated: 
(1). That oils containing the esters of lower fatty acids (e. g., porpoise 
oil, cocoanut oil, butter-fat) are exceptionally soluble in alcohol. (2). 
That oils containing the glycerides of linolenic and isolinolenic acids 
are fairly soluble. (3). That castor and croton oil are readily soluble in 
alcohol, and are sharply differentiated from most other oils by this 
characteristic. 

Ether, chloroform, carbon tetrachloride, benzene, and oil of turpentine 
dissolve fixed oils readily, and are in many cases miscible with them 
in all proportions. 

Petroleum spirit is also an excellent solvent for most oils and fats, 
though castor oil (g. v.) forms a striking exception, being practically 
insoluble in that liquid. 
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Valenta Test.—A method of distinguishing between different fats 
and oils was based by Valenta (Dingler’s polyt. J., 1884, 252, 
296) on the differences in their solubility in glacial acetic acid. A hot 
solution of the oil is gradually chilled and the temperature at which 
turbidity occurs recorded. 

The incomplete solubility of rape oil and other oils from the Cruct- 
fere, even at the b. p. of acetic acid, is noteworthy, as are the low 
figures found for linseed oil, nigerseed oil, and menhaden oil, as com- 
pared with those for the non-drying oils. 

The test is open to the objection that the slightest variations in the 
strength of acetic acid, and in the method of stirring and observing the 
turbidity point have the greatest influence upon the results. 

To obtain comparable results, it is essential to follow invariably the 
same details of working, to use acids of exactly the same strength, and to 
see that the fat is free from water. The most accurate method of as- 
certaining the strength of glacial acetic acid is to ascertain its solidify- 
ing point, and to compare the results with the figures given by Riidorff 
(Pharm: J S13tr-3, (3172; 240): 


Glacial acetic acid containing water;% Solidifying point;° 
0.0 16.7 
0.497 16.65 
0.99 14.8 
1.477 14.0 
1.961 13.25 


The modification of the method introduced by Chattaway, Pearmain 
and Moor (Analyst, 1894, 19, 147) embodies the various precautions 
necessary for obtaining concordant results; but, at best, the method 
should only be regarded as a rapid preliminary sorting test, or as a 
confirmation of results obtained by other methods: 

The mixture of 2.75 grm. of the fat and 3 c.c. of glacial acetic acid 
(99.5% strength) is heated in a stoppered tube about 10 cm. long by 
1.25 cm. in diameter, which is immersed in hot water and shaken until 
a clear solution is obtained.. It is then left in warm water with a ther- 
mometer attached to it until the contents become turbid. In the case 
of oils that have been excessively heated, no reliance can be placed upon 
the test. The following results were thus obtained: 
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| 


Criticisms and modifications of the Valenta test have been made 
by Hurst (J. Soc. Chem. Ind., 1887, 6, 22), Thomson and Ballantyne 
(ibid., 1891, 10, 233), and Jones (Analyst, 1894, 19, 151). Its use in 
butter analysis is discussed in another section. 

Critical Temperature of Solution.—A useful test for dis- 
tinguishing between different fats and oils was devised by Crismer 
(Bull. de V Ass. belge. Chim., 1895-1896, 9, 71, 143, 359). It is based 
upon the fact that when a substance is dissolved in, e. g., alcohol under 
pressure, and the solution slowly cooled, the temperature at which the 
solid just begins to separate is fairly constant for one and the same 
kind of substance. 

This point, the critical temperature of solution, stands in a certain 
sort of relationship to the amount of insoluble fatty acids in a fat, and 
in the case of mixture is approximately the arithmetical means of the 
values of its constituents. 

It is ascertained as follows: A few drops of the melted and filtered 
substance are mixed with alcohol of known sp. gr. in a tube of a few 
mm. in diameter. This tube is then sealed up and attached by 
platinum wire to the bulb of a thermometer, which is immersed in 
a bath of sulphuric acid. The bath is slowly heated until the meniscus 
separating the layers of liquid appears a horizontal plane. The tube 
is then removed, turned sharply once or twice, to render its contents | 
homogeneous, and replaced in the bath, which is now allowed to cool 
slowly, the thermometer and attached tube being meanwhile continually 
shaken, until a perceptible turbidity appears. This temperature is 
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the critical temperature of solution. In this way the following results 
were obtained: 


Critical tempera- Critical tempera- 
Substance ture of solution Substance ture of solution 
- | i‘ { | 
With 90% alcohol 2 . With alcohol of sp. gr: ° 
| 0.8195 
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ONverOtlercie ne cicsvecn iets 123 Lard othe. ciasxp eas cee % 104 
Almond Oilers. .-s slesioaie | 120 Neatstootioilyia.,eae csiea 95 
Rape oil (crude)... .0 5... | 136 il Colzal soil nescrrsscrecetene tener 132-135 
Rape oil (refined)........ 132.5 japan fish onl Meier om 108 
Hempseed oil........... 97 | utter-fat (10 samples)... 95-100 
INGAt Ol Sica siaate aroteteie alate 100.5 
Castosvoilane.. icrine- tie ° 
Linseed oil (oxidised)..... 70 


Old and rancid butter-fat shows a lower value than fresh butter-fat, 
but after removal of the free fatty acids by treatment with sodium 
carbonate and washing the fat with hot water, normal values are ob- 
tained. 

Crismer’s figures for butter and margarine were in the main con- 
firmed by Asboth (Chem. Zeit., 1896, 20, 685). 


CLASSIFICATION OF FATS, OILS, AND WAXES. 


In studying the characters of fixed oils, and identifying oils of un- 
known nature, valuable assistance is obtained from a suitable arrange- 
ment of the oils in classes or groups. ‘The classification here adopted 
is based on a joint consideration of the origin, physical characters, and 
chemical constitution of the oils. An attempt is likewise made to 
classify the oils so that each group contains some important com- 
mercial oil which is typical of the other members of the group. Thus, 
the oils included respectively in the rape-oil, olive-oil, and cocoanut-oil 
groups present a more or less close resemblance to rape-oil, olive-oil, 
and cocoanut-oil, respectively. 

I. Olive-oil Group.—Vegetable Oleins. —The oils of this group have 
a sp. gr. ranging from o.g1r to 0.923, and hence are, as a rule, lighter 
_ than the oils of Groups III, IV, and V. Their viscosity is notably 
greater than that of the drying oils, but inferior to that of rape oil, and 
they do not lose their power of producing a greasy stain on paper, 
however long they may be exposed to the air. They yield very solid 
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products in the elaidin test, and are also characterised by their 
relatively low iodine values and medium saponification values. They 
contain olein as a main constituent, with smaller quantities of the 
glycerides of saturated fatty acids (palmitin, stearin, arachidin, etc.) 
and in some cases, at all events, of glycerides of more unsaturated 
fatty acids such as linolic acid. They yield no insoluble bromides on 
treatment with bromine, and their fatty acids yield, at most, only 
traces of linolic tetrabromide. 

II. Rape-oil Group.—The oils in this group are derived from the 
Crucifere. ‘They are classed as non-drying oils, though this character- 
istic is less pronounced than in the case of the oils in Group I, from which 
they may be distinguished by their low saponification values, and by form- 
ing a paste-like product in the elaidin reaction. Some of these oils re- 
semble linseed oil in yielding an insoluble product on treatment with 
bromine, possibly the bromide of a mixed glyceride containing linolenic 
acid. ‘Their low saponification values are probaby due to the pres- 
ence of glycerides of erucic acid, C,,H,,O., whilst ralpic acid (isomeric 
with oleic acid) is present in rape oil. 

III. Cottonseed-oil Group.—lIn sp. gr. these range from 0.9170 to 
0.9290, the values of the crude oils being somewhat higher than those 
of the refined products. They are usually classified as semi-drying 
oils from the fact that they come between the non-drying oils and the 
drying oils, both in this respect and in their chemical composition. 
They have fairly high iodine values, and their fatty acids yield con- 
siderable amounts of linolic tetrabromide on treatment with bromine. 
In the elaidin test they yield soft solid masses, intermediate between 
the hard products given by the oils of Group I and the fluid products 
from the drying oils. They consist largely of linolin and olein, with 
smaller quantities of glycerides of solid fatty acids and traces of 
. linolenin. 

IV. Linseed-oil Group.—Drying Oils.—They range in sp. gr. 
from 0.9215 to 0.9430, and are thus distinctly heavier than the oils of 
the preceding groups. They are not solidified by treatment with nitrous 
acid, evolve great heat in the Maumené test, and have high iodine 
values. Linseed oil (and to a less extent some of the other oils) yields 
a large amount of an insoluble bromide on treatment with bromine. 
On exposure to the air in thin layers they absorb oxygen and form 
varnishes which are at first sticky, but subsequently become plastic or 
brittle. The viscosity of the drying oils is less than that of the preced- 
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ing groups. In composition they differ from the semi-drying oils in 
containing a greater proportion of the glycerides of the highly unsat- 
urated acids (linolenic and isolinolenic acids). The composition and 
properties of tung oil differ greatly from those of other members of this 
group. 

V. Castor-oil Group.—The oils in this group have little in com- 
mon, though some are characterised by their great viscosity and high 
sp. gr. Castor, curcas and croton oils have also the characteristic 
of ready solubility in alcohol and glacial acetic acid, and of marked 
purgative properties, but curcas oil is less soluble in alcohol than the 
others. In castor oil and grapeseed oil glycerides of a hydroxy-acid 
such as ricinoleic acid predominate, and are indicated by the high 
acetyl value of the oil. Croton oil has a high Reichert-Meissl value, 
due to the presence of glycerides of volatile fatty acids. 

VI. Cacao-butter Group.—Vegetable Fats.—This group includes 
solid fats, consisting mainly of glycerides of higher fatty acids such as 
myristic, palmitic, stearic and oleic acids. They contain only small 
amounts of glycerides of volatile acids as is shown by the low Reichert- 
Meissl values. The fairly high iodine values point to the presence of 
a considerable proportion of glycerides of oleic and, probably, linolic 
acids. 

VII. Coconut-oil Group.—Vegetable Fats.—The members of this 
group are fats of high sp. gr. and with low saponification values. They 
also include the two commercial vegetable ‘‘stearins”’ obtained from 
coconut and palmnut oils. The typical fats of the group (coconut 
and palmnut oils) contain a considerable amount of the glycerides of 
the lower fatty acids, whence their high Reichert-Meissl values. They 
are also distinguished from the fats of the preceding group by their 
high saponification values (indicating glycerides of lower fatty acids) 
and low iodine values (indicating the small proportion of unsaturated 
glycerides). 

VIII. Lard-oil Group.—Animal Oleins.—In this group are in- 
cluded the oils, fluid at ordinary temperatures, which are obtained 
from terrestrial animals. They have lower iodine values than the cor- 
responding vegetable non-drying oils (Group I), though they also 
yield more or less solid products in the elaidin test. They consist 
mainly of olein with smaller quantities of palmitin, stearin, and prob- 
ably linolin. 

IX. Tallow Group.—Animal Fats.—The tallow group comprises the 
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fats from terrestrial animals, which are solid or semi-solid at the 
ordinary temperature. The body fats consist of stearin, palmitin, and 
olein with smaller amounts oflinolin and other glycerides; whilst butter- 
fat is distinguished from the other members of the group by its high sp. 
gr., low saponification value, and high Reichert-Meissl value, due to 
the presence of a considerable amount of the glycerides of butyric and 
other lower fatty acids. Animal fats may be distinguished from 
vegetable fats by the phytosteryl acetate test (q. v.). 

X. Whale-oil Group.—Marine Animal Oils.—This group com- 
prises the majority of the fluid oils obtained from fish and marine 
mammals. ‘They are distinguished as a class by their offensive fishy 
odour, which becomes more perceptible on warming; by the reddish- 
brown colour they assume when subjected to the action of chlorine; and 
by the reddish or reddish-brown colour produced on boiling them with 
a solution of caustic alkali. With concentrated sulphuric acid they 
give considerable rise of temperature and colorations, varying from 
light red to purple and brown. Most members of the group dry 
more or less on exposure to the air, and yield but little solid elaidin on 
treatment with nitrous acid. In these respects they resemble the vege- 
table oils of the cottonseed group, and have similar sp. gr. The oils 
from the sperm and bottlenose whales are peculiar, as regards physical 
characters and chemical constitution, and form a separate class (Group 
XI). ‘‘Train oil”? includes the oil from the blubber of any marine 
mammal. 

On treatment with bromine, many of the oils of this group yield an 
insoluble bromide, which may be distinguished from the similar 
product given by linseed and other drying oils by turning black when 
heated. 

Porpoise oil is characterised by its high saponification value and 
high Reichert-Meissl value due to the presence of glycerides of valeric 
acid. The other oils in the group consist largely of glycerides of very 
- unsaturated acids, some of which are isomeric with linolenic acid, and 
others still more unsaturated. Some of them, such as codliver and 
other liver oils, also contain a considerable amount of cholesterol and 
allied biliary products. 

XI. Sperm-oil Group.—Liquid Waxes.—The members of this 
group differ from all the fatty oils of previous classes in consisting es- 
- sentially of esters of the ethyl series. In this respect they resemble 
the true waxes, but are fluid at the ordinary temperature. They are 


68 FIXED OILS, FATS, AND WAXES. 


of less sp. gr. than the true oils at the ordinary temperature and at the 
b. p. of water; and on saponification yield considerable proportions of 
solid higher homologues of ethyl alcohol. They do not dry or thicken 
notably on exposure to air and yield solid elaidins on treatment with 
nitrous acid. 

XII. Spermaceti Group.—Waxes.—The members of this group 
are solid at ordinary temperatures, and more or less resemble beeswax, 
the prototype of the class. They consist essentially of esters of the 
higher radicles of the ethyl series, with in some cases an admixture of 
higher monatomic alcohols and higher fatty acids in the free state. 
Carnaiiba wax seems also to contain diatomic alcohol radicles. Sperm 
and bottlenose oils (Table XI) resemble the waxes in constitution, but 
are liquid at ordinary temperatures. The substances known as Japan 
wax and myrtle wax (Table VII) are fats, not true waxes. Paraffin 
wax and mineral wax are hydrocarbons, and hence quite different in 
chemical constitution from the true waxes of animal and vegetable 
origin. 

The following tables give the values likely to be obtained in 
the examination of the chief oils, fats, and waxes of commercial 
importance: 
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EXAMINATION OF FATS AND CRUDE OILS FOR FOREIGN 
MATTERS. 


The term “‘foreign matters” used in this connection indicates sub- 
stances added to the oils, such as rosin, soaps, hydrocarbon, water and 
mineral matter as well as excess of free fatty acids, but does not apply 
to substances which are natural constituents of an oil such as colouring 
matters, cholesterol, albuminous substances or chlorophyll. 

The estimation of water, curd, and salt in fats such as butter and 
margarine is described in the special section dealing with butter. An 
oil, if clear, may be regarded as free from such extraneous matters, and 
their presence in a fat may usually be detected by melting the sample. 
If an opaque or opalescent oil result, or one containing visible particles 
of suspended matter or globules of water, it should be purified from 
these by filtration through dry paper before proceeding to search for 
rosin, fatty acids, soap, or hydrocarbons. 

Soap is sometimes directly added to an oil, but its presence is more 
frequently due to the use of alkali employed to increase sp. gr. and 
viscosity. Soap is readily detected by dissolving the oil in about 3 
times its volume of ether or carbon tetrachloride, adding a little water, 
and agitating the whole thoroughly in a separating funnel. The soap 
will dissolve in the water, while the other foreign matters will dissolve 
with the oil, in the ether or carbon tetrachloride, and may be recovered 
therefrom by distillation. The soap may be estimated by evaporating 
the aqueous liquid and weighing the residue after drying at 100°. 
The proportion of soap may also be inferred from the amount of car- 
bonate left after igniting the oil. 

Insoluble soaps are not infrequently present in oils, waste greases, 
and pharmaceutical preparations (“‘oleates”). Though insoluble in 
water, many of them are soluble in ether or petroleum spirit. They 
may be decomposed by agitating the mixture with dilute sulphuric 
acid, when the acid liquid will contain the metal of the soap, and a 
corresponding quantity of fatty acid will dissolve in the oily layer. 
When it is desired to ascertain the proportion of free fatty acids 
originally present in the oil, a titration with alkali should be made both 
before and after shaking with dilute acid. The difference between 
the two estimations represents the fatty acid liberated by the 
treatment. 

Free Acid in Oils.—Commercial oils and fats very frequently con- 


EXAMINATION OF FATS AND CRUDE OILS. aS 


tain notable proportions of free acid, which may either be mineral 
acid, as a result of incomplete separation after refining, or free fatty 
acid resulting from unskilful refining or from the natural decomposition 
of the oil. 

Mineral acids are only accidentally present in fixedoils, and 
usually in very small proportions. Even minute quantities are 
highly objectionable in oil intended for lubricating, but are harmless 
when the article is to be used for soap-making. Mineral acids may be 
readily recognised by agitating the oil with warm water, separating 
the aqueous liquid, and testing it with a solution of methyl-orange, 
which will give an orange or red colouration if any mineral acid be 
present. The nature of the mineral acid, which is most commonly 
sulphuric, can then be ascertained by testing the aqueous liquid with 
barium chloride, silver nitrate, and other appropriate reagents. Oils 
which, from over-treatment with acid during refining, contain a sul- 
phonated fatty acid, must be boiled with water for some time, in order 
to decompose the compound. 

Free fatty acids are often normally present, and in some oils 
(e. g., olive and palm) may exist in very large proportion. Free oleic 
acid is largely used as a lubricant in wool-spinning, and free palmitic 
and stearic acids are employed for making candles and night-lights. 
All are used for soap-making. Their proportion is estimated as de- 
scribed in the section (page g) dealing with the Acid Value. 

Rosin acids present in the sample will be estimated by the above 
process as fatty acids. Their separation from the latter is described 
below. Mineral acids will affect the accuracy of the results unless an 
allowance is made for them or they are previously separated by re- 
peatedly agitating the oil with water. Soap and hydrocarbons do not 
interfere with the estimation. 

The estimation of the acid value may be supplemented by a 
gravimetric estimation. The resultant alcoholic liquid is separated 
from the oil, the alcohol evaporated, and-water added. This solution 
is agitated with a little petroleum spirit (not ether) to dissolve suspended 
oil, the aqueous liquid separated, and the fatty acid liberated from the 
soap solution by adding dilute sulphuric acid. On agitating with 
ether, separating the ethereal solution, and evaporating it to dryness, 
the fatty acids can be weighed. This method should be used when 
rosin acids may be present. In their absence, the estimation 
should be fairly concordant with the result of the titration. Soap 
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should be previously separated. Mineral acids and hydrocarbons do 
not interfere with the results. 

Rosin.—Common rosin or colophony, which is described in a special 
section, is added to oils to impart certain properties, but its employment 
often renders them wholly unsuitable for their intended purposes. 

One of the methods of detecting rosin is by the brown colour it im- 
parts to sodium hydroxide. The original sample is saponified, the 
alcohol boiled off, and the liquid treated with sufficient sodium hydrox- 
ide solution to cause precipitation of the soap. The solution, separated 
from the soap by decantation or filtration through glass-wool, will be 
dark brown if rosin is present. ‘The same method serves for the rec- 
ognition of rosin in soap, previous saponification being unnecessary. 
The method may also be applied to the mixture of fatty and resin acids 
separated in the manner described in the table on page 22. The 
dissolved rosin may be recovered by acidifying the alkaline liquid 
with hydrochloric acid, when a precipitate of resinous odour will be 
formed. The rosin may be isolated by agitating the liquid with ether. 
and evaporating the ethereal layer to dryness, and may be identified by 
its physical and other characteristics. 

In the absence of free fatty acids, rosin may be isolated from fixed 
oils by agitating the sample with moderately strong alcohol, separating 
the solution and evaporating it to dryness. It may also be isolated, 
and approximately estimated, by titrating the alcoholic solution of the 
sample with alkali and phenolphthalein as described elsewhere. As 
the several acids which ordinary colophony contains are not present 
in constant proportion, the neutralising power of rosin is variable, 
ranging from 0.310 to 0.430 grm. of colophony for 1 c.c. of N/1 
alkali. The rosin subsequently extracted from the acidified aqueous 
liquid, and left on evaporating the ethereal solution to dryness, is 
readily recognisable by the taste and smell on heating, and. often 
shows the physical characteristics of rosin. 

In the last method of operating, the rosin is obtained in’ admixture 
with any free fatty acids the sample may have contained. These 
modify the physical properties of the extracted rosin very materially, 
and render the method useless for quantitative purposes. In such 
cases, if there is sufficient material for the purpose, a good indication 
of the relative proportions of fatty and rosin acids in the mixture may 
be obtained by observing the sp. gr. at the temperature of boiling 
water, as described on page 48. As, however, rosin varies consid- 
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erably in sp. gr. and the fatty acids from various oils exhibit similar 
variations, the method furnishes but very rough results unless the 
source of the fatty acids be definitely known. 

Estimation of Rosin Acids.—The most satisfactory method of 
separating rosin acids from fatty acids is that of Twitchell (J. Soc. 
Chem. Ind., 1891, 10, 804) which yields much more accurate results 
than other methods. It is based upon the fact that aliphatic acids are 
converted into ethyl esters when acted upon by hydrochloric acid gas 
in their alcoholic solution; whereas colophony undergoes little or no 
change under the treatment, abietic acid separating from the solution. 

The rosin gives an acid indication in alcoholic solution with phenol- 
phthalein, and interacts readily with potassium hydroxide to form a 
soluble soap. All that is necessary, therefore, is to make the fatty 
acids interact with alcohol and to titrate the rosin acids with standard 
alkali; or they may be treated with potassium hydroxide and the 
resulting rosin soap separated from the saponified fatty esters by 
means of petroleum spirit. 

(a). Gravimetric Method.—From 2 to 3 grm. of the mixture of fatty 
acids and rosin are dissolved in 1o times their volume of absolute 
alcohol in a flask, and dry hydrochloric acid introduced in a moderate 
stream. ‘The flask is set in a vessel with water to keep it cool. The 
acid is rapidly absorbed, and, after about 45 minutes, the esters sepa- 
rate, floating in the solution, and no more hydrochloric acid is ab- 
sorbed. The current of gas is now stopped, and the flask allowed to 
stand for half an hour to complete the reaction. The liquid is diluted 
with about 5 times its volume of water and boiled until the acid solu- 
tion is clear, the esters, with resin in solution, floating on the top. To 
this is added some petroleum spirit, and the whole transferred to a 
separating funnel, the flask being washed out with petroleum spirit. 
The acid solution is then run off, and the petroleum-spirit solution 
(which ought to measure about 50 c.c.) washed once with water and 
then shaken in the funnel with a solution of 0.5 grm. potassium 
hydroxide and 5 c.c. of alcohol in 50 c.c. of water. The rosin is im- 
médiately saponified and the two layers completely separated. The 
solution of rosin soap can then be run off, treated with acid, the rosin 
collected in any manner desired, dried, and weighed. A second 
washing of the soap with petroleum spirit is hardly necessary, as very 
little remains after the first extraction. 

(b). Volumetric Method.—The first stages of the volumetric method 
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are similar to the gravimetric, with the exception that the contents of 
the flask are washed into the separating funnel with ether instead of 
petroleum spirit, and the ethereal solution in the funnel is then thor- 
oughly washed with water until the wash-water is no longer acid; 50 c.c. 
of alcohol, previously neutralised, are then added and the solution 
titrated with standard sodium hydroxide solution with phenolphtha- 
lein as indicator. If the combining equivalent of rosin is known, its 
percentage may be calculated, or some of the original mixture may be 
also titrated, when the difference in sodium hydroxide required will 
correspond to the fatty acids converted into esters. 

The average combining equivalent of the samples of rosin examined 
by Twitchell was 346, and a closely similar value was found by Lew- 
kowitsch (J. Soc. Chem. Ind., 1893, 12, 504). Hence an approxi- 
mately correct result for the amount of rosin may be obtained by 
multiplying the number of c.c. of N/1 alkali used in the titration by 
0.346. Certain varieties of commercial rosin, however, have combin- 
ing equivalents differing very considerably from this average value. 
The results of test experiments have shown that in practice the volu- 
metric figures though usually too high, are more accurate than the 
gravimetric figures, which are usually toolow. A critical examination 
of this method was made by Lewkowitsch (loc. cit.) 

Hydrocarbons. 

The hydrocarbons most commonly added to fatty oils are: 

1. Those produced from petroleum and by the distillation of bitum7- 
nous shale. 

2. Those produced by the distillation of common rosin, having the - 
nature and properties detailed in the section on “‘ Rosin Oil.” 

3. Neutral coal oil; being the portion of the products of the distilla- 
tion of coal-tar boiling above 170°, and freed from phenolic bodies 
by treatment with soda. 

4. Solid parajfine, employed for the adulteration of beeswax and 
spermaceti, and used in admixture with stearic acid for making 
candles. 

Detection of Hydrocarbons.—The presence of hydrocarbons-in 
fats and fatty oils is detected by the altered sp. gr. of the sample, 
which is decreased by members of the first class, and increased by 
rosin and coal-tar products; by the lowering of the flashing and b. p.; 
by the fluorescence of members of the first two classes; and by the in- 
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complete saponification by alkalies. The taste and odour on heating 
are also valuable indications. 

Sp. gr. is a character of some little value for detecting and approxi- 
mately estimating hydrocarbons, but in practice the indications ob- 
tained are apt to be rendered valueless by the employment ofa mixture 
which has the same sp. gr. as the oil to be adulterated. 

The tendency of a hydrocarbon is to reduce the flashing and boil- 
ing points of the fixed oil, and in some cases a distinct separation may 
be effected by fractional distillation. 

Fluorescence is a character of considerable value for detecting the 
presence of hydrocarbons. If undoubtedly fluorescent, the sample 
certainly contains some hydrocarbon, but the converse is not strictly 
true, as the fluorescence of some varieties can be destroyed by treat- 
ment, and some hydrocarbons have no fluorescence. 

The best method of observing fluorescence is to make a thick 
streak of the oil on a piece of black marble, or glass smoked at the back, 
and to place the streaked surface in a horizontal position in front of, 
and at right angles to, a well-lighted window. 

Most of the hydrocarbons employed for lubricating purposes are 
strongly fluorescent, and many others become so on treatment with 
an equal measure of strong sulphuric acid. A hydrocarbon possessing 
strong fluorescence may be evident in presence of a very large propor- 
tion of fixed oil; but if any doubt exist, the hydrocarbon should be 
isolated in the manner described below. 

Estimation of Hydrocarbons.—The following method is based on 
saponification of the oil or fat, and extraction of the hydrocarbons 
from the aqueous solution of the soap by means of a suitable solvent 
such as ether: 5 grm. of the sample are saponified by alcoholic 
alkali, the solution freed from alcohol, and transferred to a separator 
of about 200 c.c. capacity, furnished with a tap below and a stopper 
at the top. The tube below the tap should be ground or filed off ob- 
liquely, so as to prevent any liquid from remaining in it. The liquid 
is diluted with water till it measures from 70 to 100 c.c. From 50 to 60 
c.c. of ether should next be added, the stopper inserted, and the liquids 
thoroughly shaken-and allowed to rest for a few minutes. As a rule, 
two well-defined layers will form, the lower one brownish, consisting 
of the aqueous solution of soap, the upper of ether, containing any 
hydrocarbon in solution. The addition of a few c.c. of alcohol will 
facilitate the separation when it does not readily occur. 
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The aqueous liquid is drawn off through the tap into a beaker. 
About 10 c.c. of water and a few drops of caustic alkali solution are 
added to the ether which remains in the separator, and the whole 
agitated. The washings are then run off in their turn, and after re- 
peating the treatment with water, which is removed by the tap as be- 
fore, the ethereal solution is poured off through the mouth into a 
weighed flask. The aqueous liquid and washings are then returned 
to the separator, and agitated with a fresh quantity of ether, which is 
washed and poured into the flask as before. 

The agitation of the soap solution is repeated once more, to complete 
the extraction of the hydrocarbon oil. The ethereal solution will 
usually be strongly fluorescent. The flask containing it is attached to 
a condensing arrangement, and the greater part of the ether distilled 
off by immersing the flask in boiling water. When distillation has 
ceased, the condenser is detached and the flask placed on the top of 
the water-oven to eliminate the rest of the ether. Sometimes the 
hydrocarbon will contain globules of water; in this case the flask 
should be held horizontally, and rotated rapidly, so as to spread the 
oil over the sides in a very thin layer, and facilitate the evaporation of 
the water. When no more water is visible, and the smell of ether is 
scarcely perceptible, the flask is placed on its side in the water-oven 
for ro or 15 minutes and weighed,’ when the increase of weight over 
the original tare gives the amount of hydrocarbon oil extracted. 
Prolonged heating should be avoided, as many hydrocarbons are 
appreciably volatile at 100°. This is notably the case with coal-tar 
oil, and hence, in analysing mixtures containing it, the heating in the 
water-oven should be wholly dispensed with. With rosin oil, paraffin 
wax, and the denser mineral oils there is but little danger of loss by 
volatilisation at 100°. 

The results obtained are correct to within about 1% in all ordinary 
cases.2 Where extreme accuracy is desired, it is necessary to re- 
member that most, if not all, animal and vegetable oils contain traces 
of matter wholly unacted on by alkalies. In certain cases, e. g., butter- 


1Sometimes it is very difficult to obtain a constant weight by the means indicated in 
the text. In such cases, instead of heating the flask on the water-oven, it should be kept 
on the bath of boiling water and a moderate current of air, filtered by passing it through 
a tube containing cotton-wood, should be blown through it by a second tube passing through 
the cork. The fittings are then detached, and the flask heated for a short time in the water- 
oven, 
_ ? Traces of fatty oils which had escaped saponification and traces of soap are apt to pass 
into the ethereal solution, and hence the proportion of unsaponifiable matter found is 
often slightly reduced on treating the ether-residue with alcoholic potassium hydroxide 
solution, and again extracting the solution of the soap with either. 
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fat and cod-liver oil, this consists largely of cholesterol, C,6H,,O, 
which may be obtained in characteristic crystalline tablets by warm- 
ing the ethereal extract with alcohol, and allowing the solution to 
cool. The proportion of unsaponifiable matter soluble in ether which 
is naturally present in fixed oils and fats, rarely exceeds 1.5 and is 
usually much less. Sperm and bottle-nose whale oils, however, con- 
stitute an exception, yielding about 38 to 40% of matter soluble in ether. 

Spermaceti and the other waxes yield after saponification large per- 
centages of matter to ether, and hence the process is not available for 
the estimation of paraffin wax in admixture with these bodies, though 
it gives accurate results with the mixtures of paraffin and stearic 
acid so largely employed for making candles. 

The following table indicates the behaviour of the constituents of 
complex mixtures of fats, oils, and waxes, when the aqueous solution 
of the saponified substance is shaken with ether: 


Dissolved by the ether Remaining in the aqueous liquid 


i} 


Hydrocarbon oils; including Fatty acids. 


| 
| 
| 
Shale and petroleum oils, | 


Rosin oil hydrocarbons, | Rosin acids, | In ne form 

Coal-tar oil, 

Paraffin wax and ozokerite, | Phenol, eee 

Vaseline. | Cresols, salts. 
Neutral resins. and other phenols. J 


Unsaponified fat or oil. 
Unsaponifiable matter, as cholesterol 
from liver oils, etc. | Glycerol (glycerine). 
Dodecyl alcohol, from sperm and) 
bottlenose oils. | 
Cetyl alcohol, from spermaceti. Excess of potassium hydroxide. 
Myricyl alcohol, from beeswax. 
Colouring matters, as from palm oil. 


The hydrocarbon having been isolated by saponifying the sample 
and agitating with ether, its nature may be ascertained by observing 
its sp. gr., taste, and smell, and behaviour with acids and bromine. 
If the proportion be small, it may be necessary to operate on a larger 

quantity than 5 grm. of the sample. A good approximation of the 
| sp. gr. of the extracted hydrocarbons may be made on Hager’s principle, 
by adding a drop of the oil to very dilute alcohol, or ammonia, and ad- 
justing the strength of the liquid so that it may be identical with that of 
the drop of oil (see p. 48). The sp. gr. of the dilute alcohol is 
then ascertained in the usual way. ‘The fluorescence of hydrocar- 

Vol. 1. —6 
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bons is best observed in the manner described on page 79. It often 
becomes intensified by treating the extracted hydrocarbon with an 
equal volume of strong sulphuric acid. 

The odour and taste of the hydrocarbons are often highly character- 
istic of their origin. The smell of coal-tar oil is readily observed; 
and the taste, especially the after-taste, of rosin oil is not to be mis- 
taken. The smell produced on strongly heating a drop of the oil in a 
platinum capsule is also highly characteristic. Further details re- 
specting the tests for hydrocarbons are given in the section on “ Min- 
eral Lubricating Oils.” 

The higher alcohols from sperm and bottlenose oil may be separated 
from hydrocarbons by treating the ether-residue with rectified spirit, 
which dissolves the alcohols without materially affecting the hydro- 
carbons. 

If the aqueous liquid separated from the ethereal layer be treated 
with dilute sulphuric acid, the fatty acids are liberated, and may be 
weighed, titrated with standard alkali, or otherwise examined. 

When it is merely desired to ascertain approximately the proportion 
of hydrocarbon oil in a mixture, and not to isolate it and examine it 
further, there is no occasion to extract the solution of the saponified 
oil with ether. Instead, the aqueous liquid may be at once acidified 
with dilute sulphuric acid, a little ether added to promote the separa- 
tion of the mixed hydrocarbon oils and fatty acids, the aqueous 
liquid drawn off, and the oily layer repeatedly agitated with water till 
the washings are no longer acid to litmus. Rectified spirit and a few 
drops of phenolphthalein solution are then added, and the liquid 
titrated with N/10 alkali. 

The amount of acid, calculated as oleic acid, multiplied by 1.053 
gives the amount of saponifiable substances, and the difference may be 
regarded as unsaponifiable matter. 

The latter represents the hydrocarbons, and the former the fat or 
fixed oil of the mixture, provided that waxes, including sperm and 
bottlenose oils, are absent. 

When the nature of the fat or oil is known, and it is merely desired 
to estimate the proportion of hydrocarbon present, and not to ascertain 
its exact character, a very fair approximation to the truth can be 
obtained by ascertaining the saponification-equivalent of the sample. 

The table on page 82 gives an outline of the processes described in 
the foregoing section. 
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84 FIXED OILS, FATS, AND WAXES. 


IDENTIFICATION OF FATS AND FIXED OILS. 


The recognition of an unmixed fat or fixed oil may usually be effected 
by a careful application of the methods of examination already de- 
scribed. Systematic schemes for the purpose have been devised, but 
cannot be implicitly relied on, owing to the variable nature of the 
substances themselves. Most of the colour tests are of little value, 
unless confirmed by other indications. 

In examining fats and oils for the detection of adulteration, the 
relative commercial value of the different kinds should be kept in 
view. In addition to the adulteration of the more valuable substances 
with the cheaper, the use of hydrocarbons derived from the distillation 
of petroleum, shale, coal, and rosin, is also extensively practised. 

In practice it is often of less importance to know the origin of a 
sample than whether it may be used as a substitute for the genuine 
oil. This may be ascertained with tolerable certainty, and, in some 
cases, the nature of the adulterants may be definitely detected. 

By the following systematic method identification may generally be 
effected, and much information gained that will suggest the special 
tests, for the substances suspected to be present: 

1. Place a drop of the oil on the back of the tongue by means of a 
glass rod and taste it carefully, avoiding too hasty a decision. In this 
manner, marine animal oils, linseed, croton, mineral, rosin, and some 
other oils may often be detected. Rosin oil is remarkable for the 
nauseous after-taste produced by it. Rancidity may also be recog- 
nised by taste. 

2. Heat a portion of the sample in a porcelain or platinum capsule 
to about 140 or 150°, and observe the odour carefully. When suffi- 
ciently cool, pour a little into one hand, rub with the other, and smell 
again. A little practice will allow of vegetable oils being readily dis- 
tinguished from animal oils, and the products of fish and marine mam- 
mals from those of terrestrial animals. The odour on heating will also 
frequently permit the recognition of mineral and rosin oils, and, if the 
remainder of the sample be strongly heated till it ignites and the flame 
then blown out, the vapours will often have a characteristic odour. 

3. Ascertain the sp. gr. of the sample at 15.5°, if fluid at that tem- 
perature; but at the b. p. of water (page 48), if solid at the ordinary 
temperature. This test is valuable, but if the sample be very old, or a 
mixture of several substances, or if much free acid be present, the 
indications are less reliable. An unmixed substance may, as a 
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rule, be placed in one of the groups on pages 86-7, though this 
classification must only be regarded as giving a rough preliminary 
indication. Many of the fats and oils might be classified in more 
than one of the groups. More definite figures are given in the tables 
on pages 69-73. 

Sperm and bottlenose oils are readily distinguished from shale and 
petroleum products of similar density by the elaidin test, their saponifi- 
cation values and the quantitative results of their saponification. 
Their estimation, when mixed with hydrocarbon oils, may be effected 
as described under “Sperm Oil.’”’ Oleic acid is distinguished from’ 
hydrocarbons by its solubility in an aqueous solution of sodium hy- 
droxide. Mixtures of oleic acid and hydrocarbons may be analysed 
by titration with standard alkali. If fixed oils are present, the methods 
given on page 84 should be used. 

Differentiation of Animal and Non-drying Vegetable Oils.—The 
non-drying vegetable oils may be distinguished from the similar oils of 
animal origin by their taste and odour on heating. Their iodine 
values and the m. p. of their fatty acids are higher. Many of the 
vegetable oils show absorption spectra, which is never the case with the 
animal oils. The phytosteryl acetate test (q. v.) and the oleorefrac- 
tometer reading are also valuable means of differentiation. 

The vegetable non-drying oils may be distinguished from each other 
by various tests. Rape and mustard oils are distinguished from 
others by relative insolubility in glacial acetic acid by low saponifi- 
cation values, and by yielding small amounts of an insoluble bromide 
on treatment with bromine. Bone oil usually gives an orange or red- 
dish-yellow elaidin of a pasty consistence, while lard oil and tallow 
oil yield a firm product of a pale or lemon-yellow colour. The 
product from neatsfoot oil is variable. 

Coconut olein is distinguished from other vegetable oils by its high 
saponification value, Jow iodine value, and the very moderate heating 
produced by sulphuric acid. 

Differentiation of Semi-drying and Non-drying Oils.—The 
semi-drying oils, of which cottonseed and maize oils are typical, have 
higher iodine values and sp. gr. than the non-drying oils. They may 
also be distinguished by the large amount of linolic tetrabromide 
(m. p. 113 to 114°) which they yield on adding bromine to a solution of 
their insoluble fatty acids in petroleum spirit or carbon tetrachloride. 
The nature of the product formed in the elaidin test is also instructive. 
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OILS. 
Sp. gr. at 15° to 16° 
Substance = = 
ye ee pee ©.912 t0 0.920} 0.920 t0 0.937 | 0.937 to 0.970 
| Beechnut 
| Brazil nut 
Camelene 
| Caudle nut | 
Jamba Madia 
Apricot kernel | Maize 
Plum kernel Nigerseed 
Peach kernel | Pine nut 
Olive | Safflower Grapeseed. 
Almond ° | Cedar nut | Tung. 
Teeerabie Arachis = Soja bean | Croton. 
8 i None. | None. | Rape and #&/ Pumpkin seed Castor. 
esa Colza 7 | Wheat 4 Boiled linseed. 
Mustard © | Cotton- oa Blown oils. 
Ravison i seed at 
Hazelnut Sesame ie | 
Eruca sativa | Sunflower 2 | 
seed, | Poppyseed 2 
| Hempseed 6 | 
| Linseed (raw) £ 
Walnut S | 
Coconut olein. 
Curcas. 
Terres- Neatsfoot. ' 
trial None. | None. | Bone. None. None. 
animal Lard oil. 
oils, Tallow Oil. 
; Whale. | 
Marine | Sperm. Porpoise. Seal. 
animal | Bottle- | None. | Dolphin. Menhaden. None. 
oils, nose, Codliver. 
Shark-liver. 
Sardine. 
Free 2 a; 3 
fatty None. oe JBineletertach | Laqheccang aac gener 
acids, Hotes acid, 
Shale Shale 
Hydro- products.|products. Heavy’ Heavy 
carbons, | Petro- | Petro- petroleum mineral oil. None. 
leum leum products. 
products.|products. 
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FATS. 


Sa Se a a a ee eee 


Sp. gr. at 98° to 100° 


Substance —— $$ SS SS 
Pore ares 0.855 to 0.863 | 0.863 to 0.890 
Palmnut oil. 
| Coconut oil. 
| Japan “wax.” 
| Myrtle “‘ wax.” 
| Cottonseed 
“stearin.”” 
Vegetable Palm oil. Palmnut ‘‘stearin.”’ 
fats, None. None. Cacao butter. | Bassia tallow. 
| Shea butter. | Borneo tallow. 
| Chinese tallow. 
Goa butter. 
Laurel oil. 
| Mafura tallow. 
| Nutmeg butter. 
| Piney tallow. 
| Tallow. 
| Lard. Suet. | 
Animal fats, None. None. | Dripping. | Butter-fat. 
| Bone fat. | Compound lard. 
| Margarine. | 
WAXES, ETC. 
Sp. gr. at 98° to 100° 
Substance 
Se 0.800 to 0.855 | 0.855 to 0.863 | 0.863 to 0.877 
Spermaceti. 
Vegetable Beeswax. 
and animal None. Chinese wax. | None. None. 
waxes, Carnaiiba wax. 
Wool fat. | 
Free fatty Stearic acid. 
acids, None. Palmitic acid. | None. None. 
| Oleic acid. | 
Hydro- Paraffine | Shale and | 
carbons, wax. petroleum Viseling wm kuliiatrarts eae cian: 
Ozokerite. products. 


The hydrocardon oil produced by the distillation of rosin is not included |in 
these tables, as its high sp. gr. (0.970 to 1.000) places it outside any of the classes. 
The same remark applies to rosin itself, which is of slightly higher sp. gr. than 
water, and to coal-tar products of high b. p. which might be mistaken for, or 
found mixed with, the fixed oils. 
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Differentiation of Drying and Semi-drying Oils.—The drying 
oils differ from the semi-drying oils in having a higher iodine value, 
and in yielding a solid film in a short time, when exposed to the air 
in a thin layer. Some of them give insoluble bromides on treatment 
with bromine, and an insoluble deposit of linolenic hexabromide 
(m. p. 180 to 181°) on brominating a solution of their fatty acids. 

Differentiation of Drying and Marine Animal Oils.—These oils, 
which often have similarly high iodine values, are best distinguished 
by the behaviour of the deposit formed in the insoluble bromide test 
(qg. v.) when heated, and the nature of the unsaponifiable matter. 
The sulphuric acid colour test and Livache’s drying test will also 
afford valuable information in the case of mixtures. On saponifi- 
cation, marine animal oils give a much darker soap solution than lin- 
seed or other drying oils. 

They may be distinguished from one another by their analytical 
values (see tables). Porpoise oil and some varieties of whale oil con- 
tain a notable proportion of esters of lower acids, and give characteristic 
Reichert-Meissl values. 

Differentiation of Various Oils.—Oils of sp. gr. above 0.937 are 
few and easily distinguished. Croton and castor oil are purgative 
and readily soluble in alcohol, but have little further resemblance. 
Boiled linseed oil and Japanese wood (tung) oil have sp. gr. be- 
tween 0.937 and o.g50, dry rapidly on exposure, and give a firm 
brown or black clot with sulphuric acid. Blown oils closely resemble 
castor oil, but may be distinguished as described in the section treat- 
ing of that oil. Rosin oil has a sp. gr. exceeding 0.970, and is not 
saponified to any considerable extent by alkalies. It is readily identi- 
fied by its strong after-taste, and the odour of turpentine developed, 
when the sample is heated till it catches fire and the flame then blown 
out. Mixtures of rosin oil with fatty oils may be analysed as described 
on page 84. 

Hydrocarbons and Waxes.—The solid hydrocarbons having a 
density below 0.800 at the b. p. of water are described under ‘‘Paraffine 
Wax.” 

The distinctions between the various waxes are fully indicated in 
the table on page 73, and in the special sections on ‘‘Spermaceti,”’ 
“Beeswax,” and ‘‘Carnaiiba Wax.” Free acids are at once distin- 
guished from the waxes by their solubility in alcohol, behaviour with 
alkalies, and their saponification values; from each other by their 
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m. p. and combining weights. Vaseline and similar hydrocarbons are 
sharply distinguished from the waxes and fatty acids by being in- 
capable of saponification. 

Differentiation of Animal and Vegetable Fats.—These are best 
differentiated by the phytostery! acetate test (g. v.), and distinguished 
from one another by a comparison of the various analytical values. 

Coconut and palmnut oils are soft, melt readily, and have high sa- 
ponification values, fairly high Reichert-Meissl values and low iodine 
values. Japan and myrtle wax are hard, wax-like bodies of compara- 
tively high m. p. (See “Japan Wax.”’) Palmnut oil is distinguished 
from coconut oil and coconut “‘stearin’’ by its taste and smell. 
Butter-fat is the only common fat of animal origin that has a high 
Reichert-Meissl value. 

The nature of the sample having been indicated, further confirma- 
tion may be obtained by means of the tables commencing on page 69. 
The principal fats, oils, and waxes are described at greater length in 
the following sections. . 

In the case of a sample consisting of a mixture of wholly unknown sub- 
stances, identification of the constituents is often a difficult problem, 
but when the leading component is known or can be recognised, the 
detection of the others becomes more feasible. In most cases oils can- 
not be recognised by distinct and specific tests, such as exist for the 
different elements; and, in arriving at a conclusion as to the compo- 
sition of any sample of mixed oils, the analyst must be content to be 
guided in a great measure by circumstantial evidence and a careful 
consideration of probabilities. ‘The foregoing methods of examination 
are of course employed, and, in addition, such special tests as will be 
found described under the various heads. The sub-articles descriptive 
of the more important substances contain a list of the admixtures 
most commonly found in each and special tests suitable for their 
detection. 


SPECIAL CHARACTERS AND MODES 
OF EXAMINING FATS, OILS, 
AND WAXES. 


BY LEONARDSARCH DUA ata GC: 


I. OLIVE OIL GROUP. 


Arachis (Earthnut) Oil. Olive Oil. 

Almond Oil. Olive-kernel Oil. 
Apricot-kernel Oil. Peach-kernel Oil. 
Hazelnut Oil. Plum-kernel Oil. 


Tea-seed Oil. 


ARACHIS OIL. EARTHNUT OIL. GROUND-NUT OIL. PEANUT OIL. 


(See also p. 69.) Earthnut oil is obtained from the nuts of Arachis 
hypogea, a leguminous creeping plant indigenous to India and the 
coasts of South Africa and South America, and now cultivated in 
many countries, the oil being expressed chiefly in France. The 
seeds contain about 45% of oil, which in India is called katchung oil, 
and is largely used as a substitute for olive oil. Arachis oil is ex- 
tracted by cold- and hot-pressure, the cold-pressed oil being extensively 
used as a salad oil and for burning, and the hot-pressed oil for soap- 
making. 

Arachis oil is usually pale greenish-yellow, and of a peculiar nutty 
flavour and smell, but may be prepared nearly colourless and almost 
tasteless. It becomes turbid at about 3°, and solidifies at —3° to 
— 4° (Schaedler). The sp. gr. at 15 to 15.5° usually ranges from 
0.916 to 0.920, but values ranging from o.g1z (Sadtler) to 0.9256 
(Crossley and Le Sueur) have been recorded. 

Arachis oil contains olein, hypogeein, linolin, palmitin (?), stearin, 
arachidin and lignocerin. 

Sadtlert obtained the following results with arachis oil from various 
sources. 

1 Amer. Jour. Pharm., 1897, 69, 490. , 
QI 
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Oil from | Oil from | Oil from | Oil om Commer 
Virginia | Spanish | African |puducheri| cial oil 
nuts nuts | nuts | 
Z a ae, | : 
SHDS (SEN USO of Gan eo ox 0.917 6.0175] O102r 1) ©1020) 0.0200 
Saponification value....... | 192.53 | 190.68 | 194.0 | 193.2 192.1 
Modine: value hee stones som ns OL 75) (OAS ETN PS 5.0 mmm OSs | 98.4 
Mehnerwwaltiessee tele 1 oe 94.87 Chee a letardeia cell aaa) vot | 95.86 
Reichert-Meissl value...... 0.48 | 1 60m il eeers pa ae ees bt lites eee 
Free acid as oleic, %...... @.8'5* i KOLGO! dy O02 aeons e I  eexe) 
GOldtests tester eee aelll 3 eae | -- 20 Ie crobenmepele les 20° 
IViaumené test) esd. 2a! SO57S° amllmererae |" en I) 4g” 14) 45 .5° 
M. p. of fatty acids... 29° =| 34° | 30° | 29° 28° 
Solidifying at of ‘fatty | | | 
AMG cms kta dasa ete erase eee So), kage Pe 7298 


Crossley and Le Sueur? have recorded the following values given 
by 4 samples of genuine arachis oil from Madras. 


Tn | 2s ’ | Bs | 4. 


| 

SCE A te DSi GOR a crauscteere teste | 0.9223 0.9223 0.9256 0.9195 
DSaponiicarion) value) ae secre eee | 90.1 | 185.6 | 104.8 | 192.1 
Rodinetvalluewncacnn ogo ante ere | 208.47," o8-420 iF  fosn 43a eroo.82 
ETMMer) Valve. tases eee eee | 95.63 bd ee ah ieee, Pied aa 
Reichert-Meissl value ........... | nil nil nil nil 
Bresracid asioleicu Ge as. eae TAS BAD 5 | oi 201 6.80 
Butyro-refractometer, 40°...... | pete oe S75 nh tee Redes ee 
Optical rotation, 200 mm., 15° ..|. —07’ | +09,24" | +02 | —o9,9! 
Efflux time, Redwood, | | 

OTe Bees ASECSe)) OlesO. Ch Cre ee eer S5OuTse eet TnO 429 .3 300.9 


It will be seen from the foregoing that arachis oil exhibits a wide 
range of values. Schnell? found several earthnut oils from West 
Africa with iodine values from 84.4 to 85.7; others, from the East 
Indies, had values ranging from 89.7 to 95.0. Values as high as 105 
(Oliveri) and as low as 83.3 (Tortelli and Ruggeri) have been recorded. 

Some oleo-refractometer values of this oil are given on p. 44. 


The following are some results of examination of the mixed fatty 
acids: 


1 J. Soc. Chem. Ind., 1898, 17, 989. 
2 Zeit. Nahr. Genussm., 1902, "s, 96r. . 
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| | Observer 
SDameleateroos/ Tc. 5°. 8. a eee aes | 0.846-0.8475 | Allen. 
DPaee AUC LOO” 8... , he ees: 0.879 Archbutt. 
ter IteStA We NG eo «ae se eee eee 28 .I-29.2 Lewkowitsch. 
ie Deacuivestudex:a (100°... 0) 1 eee | 1.4461 | ‘Thoerner. 
Iodine value of mixed fatty acids ..........| 99.5-103.4° \ : 
Iodine value of liquid fatty acids........... | IO5-129 ff enous. 


Arachis oil contains from 4.3 to 5.4% of arachidic and lignoceric acids, 
which, owing to their sparing solubility in cold alcohol, can be isolated 
without much difficulty. Olive and most other oils, except those of 
rape and mustard seed, contain not more than traces of these acids. 
Upon this difference in composition, Renard! based the following 
process for the detection and estimation of arachis oil, which is 
described with some modifications in detail introduced by Archbutt:? 

to grm. of the oil are saponified in a deep porcelain basin with 8 c.c. 
of sodium hydroxide solution (containing approximately 50 grm. 
sodium hydroxide in 100 c.c.) and 70 c.c. of alcohol, boiled down 
gently to about 20 c.c., rinsed with hot water into a separating funnel, 
decomposed with hydrochloric acid in excess, and shaken with ether to 
extract the fatty acids. After distilling off the ether in an 8-oz. wide- 
necked flask, the fatty acids are dried by heating the flask on a steam- 
bath and sucking out the vapour, and are then dissolved by pouring 
50 c.c. of rectified alcohol (sp. gr. 0.834) into the hot flask. 

To the solution, which should not be hotter than 43°, and must not be 
allowed to cool below 38°, lest crystals of fatty acids should separate, 
5 c.c. of a 20% aqueous solution of lead acetate are added, which will 
precipitate the whole of the arachidic and lignoceric acids as lead 
salts, together with some lead stearate and oleate After cooling 
to about 15° and allowing to stand for half an hour, the alcoholic 
liquid is decanted through a filter, and the lead soaps are washed on 
the filter once with ether. They are then rinsed back into the flask 
and digested with ether, again filtered and again rinsed back and 
digested with ether. After doing this about 4 times, using the same 
filter each time, all the soluble lead salts will have been dissolved out. 
The extraction with ether should be continued until the washings give 


1 Compt. rend., 1871, 73, 1330. 

27. Soc. Chem. Ind., 1898, 1'7, 1124. 

3° This quantity of lead is sufficient for 10 grm. of arachis oil. If more is added, a larger 
precipitate is produced, containing more lead oleate, which takes more washing out with 
ether, but no more arachidic and lignoceric acids are obtained. 
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no colour, or only a pale brown colour, when shaken with aqueous 
hydrogen sulphide. 

The filter paper containing the lead arachidate, etc., is opened in a 
large plain funnel placed in the neck of a separating funnel, and, before 
the soaps have had time to dry, they are rinsed into the separator with 
a jet of ether from a washing bottle. The soaps which adhere to the 
paper and flask may be decomposed and transferred by rinsing with 
warm dilute hydrochloric acid, followed with ether. About 20 c.c. 
more hydrochloric acid (1.10 sp. gr.) are poured into the separator, 
which is stoppered and shaken until all the lead salts are decomposed. 
The aqueous liquid is then run off, and the ethereal solution of the 
fatty acids washed with small quantities of water until the lead 
chloride is removed. The ether is distilled off in an 8-oz. flask, and 
the residual fatty acids are heated in the water-oven until dry. They 
are then dissolved by warming with 50 c.c. of go% ethyl alcohol (sp. 
gr. 0.8340), and the solution is cooled to 15°, when arachidic and ligno- 
ceric acids, if present, will crystallise out, either at once or after stand- 
ing a short time. The flask should be closed by a cork carrying a 
thermometer. 

According to Tortelli and Ruggeri,t a rough estimate of the amount 
of earthnut oil present may be made at this stage by observing the tem- 
perature at which the crystals commence to form. For this purpose 
the liquid in the flask must be heated until the crystals have redissolved, 
and then allowed to cool slowly. 


Temperature at which the crystals ‘ 
4 commence to form; ° Earthnut oil; % 
35-38 100 
= 32=33 60 
28-30 : 50 
25-26 40 
22-24 30 
20.5-21.5 20 
18-20 Io 
16-17 5 


ee 


In order to estimate the proportion of earthnut oil more accurately, 
the liquid is allowed to stand from r to 3 hours, with occasional agita- 
tion, at 15° or 20°, or at some intermediate temperature which is 
nearest to that of the laboratory; the crystals are then collected on a 


1 Chem. Zeit.. 1898, 22, 600. 
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small filter placed over a too c.c. cylinder, using the filtrate alone to 
rinse out the flask, and are washed several times with small quantities 
of 90% alcohol until the filtrate and washings measure 70 to 80 c.c., 
unless the quantity of crystals obtained is very small, in which case 
less may be used.! The filtrate and washings with 90%-alcohol must 
be measured. The crystals are then washed thoroughly with 70% 
alcohol (sp. gr. 0.8898) in which arachidic and lignoceric acids are 
quite insoluble. ‘These washings are not measured, but the washing is 
continued until a few c.c. of the filtrate remain clear when diluted with 
water in a test-tube, showing that all soluble fatty acids have been 
washed out. The washed crystals are then dissolved off the filter with 
boiling ether, distilled down in a tared flask, and dried in the water- 
oven until constant in weight, for which one hour or less usually 
suffices. Finally the m. p. is determined by capillary tube, or pref- 
erably by Bensemann’s method, and the point of incipient fusion 
should not be lower than 71°. 

Instead of weighing the crystals at this stage, ‘Tortelli and Ruggeri 
recommend redissolving them in 50 c.c. of 90% alcohol, recrystallising 
for 1 hour at the same temperature as before, again filtering and 
washing, first with 90% and then with 70% alcohol, and then weighing. 
The crystals from pure earthnut oil, when thus purified, melt, by 
Bensemann’s method, at 72.3 to 73.3°.2 This recrystallisation is es- 
sential in the case of some Tunisian olive oils (Archbutt3), mixtures 
containing cottonseed oil (Tortelli and Ruggeri), and solid fats such as 
lard (Smith4), which contain large percentages of saturated fatty acids, 
and must always be resorted to if the m. p. of the first crop of crystals 
falls below 70°. 

As the mixed acids are slightly soluble in the 90% alcohol used for 
recrystallisation and washing, a correction must be made, which was 
given by Renard as 0.0025 grm. for each 10 c.c. of go% alcohol used in 
the crystallisation and washing of the acids, if the manipulation was 
conducted at 15°; or a correction of 0.0045 grm. per 10 c.c., if at a 
temperature of 20°. But Tortelli and Ruggeri have shown that the 


1It is a good plan to do this washing with 3 separate quantities of alcohol, either 10 
c.c. or 5 c.c. each, according to the size of the precipitate, and, after collecting the washing 
each time in a small beaker, to pour it back through the filter 2 or 3 times, so as to 
saturate it thoroughly before adding it to the main filtrate. Obviously, this must be done 
at the same constant temperature as that at which the crystallization took place. A paper 
filter may be used, but a Gooch filter used with moderate suction is better, because the crys- 
tals can be more completely separated from the mother liquor. 

2 Tortelli and Ruggeri found the m. p. of the recrystallised acids,.determined by capillary 
tube, between 74° and 75.5°. 

3 J. Soc. Chem. Ind., 1907, 26, 454 and 1185. 

4 J. Amer. Chem. Soc., 1907, 29, 1756. 
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correction varies according to the weight of mixed acids obtained. 
The following table contains their experimental results: 


] ] 
sae * | 
Weight ios Solubility in 100 c.c. of 90% alcohol at | 
fatty acids Mp: 2 | Obtained from 
(grm.) 15° pes 20° 
2.7000 GP toa Pols 0.0729 0.0820 0.0910) | 
I.5600 Peete) 0.0715 0.0801 ° eos Mave aoe 
I.2500 74.8-75.5 0.0730 o.o811 0.0902) | 
I.0000 | 74.3-74.5 0.0688 0.0866 eee te About 20 grm. of 
0.9604 474.0-74.6 0.0680 0.0869 0.0918 arachis oil. 
| 20 grm. of a mix- 
ture containing 
0.5503 74.0-74.6 0.0650 0.0806 ae | sia 
0.5008 74.0-74.6 0.0643 0.0799 0.0844) 4 50% arachis oil. 
0.3899 a Avan 7B i 0.0602 0.0673 0.0740 40% 
6.26015 | 74.0-75.0 0.0539 ©.0610 0.0680 27% 
0.1690 44 ..0—75 00 0.0447 0.0544 0.0662 | 18% 
0.1064 74.0-75.0 0.0343 0.0402 0.0472 | 11% 
0.0504 TA.A-75 .5 0.0301 OsOZOS. i | lessee 5% 
0.0505 44.2-74.0 0.0314 CLOsTOMNe eee | LY 


By plotting these results the following table of corrections has been 
constructed: 


Correction (grm.) to be added per roo c.c. of go% alcohol 
Weight of mixed used for crystallisation and washing at 
acids obtained- 
(grm.) ise! Pee 20° 
0.05 +0.031 +0.040 +0.046 
0.10 0.036 | 0.045 0.052 
0.20 0.048 | 0.056 0.062 
0.30 0.055 0.004 0.071 
0.40 0.061 0.071 0.078 
0.50 0.004 0.076 0.084 
0.60 0.066 0.080 0.088 
0.70 0.067 0.082 0.090 
0.80 0.069 | 0.083 0.092 
©.90 ©.070 0.084 0.092 
I.00 0.071 | 0.084 0.091 
2.70 0.073 | 0.082 ©.0Q1 


The percentage of crude arachidic acid isolated from pure earthnut 
oil by Renard, De Negri and Fabris, Allen, Tortelli and Ruggeri, and 
Archbutt has varied from 4.28 to 5.50%, averaging about 4.8%. 
Therefore, the weight of mixed acids obtained, multiplied by 21, is 
approximately equal to the weight of arachis oil in the quantity of oil 
taken for experiment. 


The degree of accuracy obtainable by this method has been tested by 
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experiments with known mixtures of olive oil and arachis oil. Thus, 
De Negri and Fabris,’ working on 10 grm. of oil, obtained the following 
results: 


Arachis oil taken, %... 30 20 15 IO Io Io Io 
Arachis ou found, 2. |20sn) 2012) 14.0) 10.2 2 9.5 ? 


Tortelli and Ruggeri, working on 20 grm. of a mixture of olive, ses- 
ame, rape, cotton, maize, and arachis oils, and recrystallising the 
crude arachidic acid, obtained the results set out in the following 
table: 


comer ot Volume of Arachidic and lignoceric acids 


alcohol 


Temperature Total | Me pas 


Meee | et 
ili | in 90% | Weighed SS 
Pee | alcohol | in chee gi % 

oi 


% of arachis 
oil found 


Arachis oil 
| Olive oil 


Me 260 C.c. 


I00 sae 


0.068 


| ( 74.2— 
0.1768 0.8894 1.0662 5.3300 1 : 100 
4-3 | 


0.1200 O.523r 0.6431 3.2055 


©.1500 0.3931 0.5431 2.7155 


30 7° I5 


20 | 80 15 ©.1150 o.1260 0.2410 I.2050 


Io | 90 15 0.0682 0.0514 o.1196 0.5980 II 


J 
(oF | 280 C.c. 
40 | 60 ree 0.1509 0.2770 0.4279 2.1395 


Pree cic; 


5 | 95 15° 0.0434 0.0241 0.0675 0.3375 


eae 
Grails 
Viel 
isa! 


0.03 . | 


1 Lewkowitsch, Oils, Fats and Waxes, 2, 253. 
Vol. IL —7 
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Archbutt, using 1o grm. of oil and following the method already 
described, obtained the results given below: 


Compo-._| | g 
anon of Mesa Mixed arachidic and lignoceric acids 3 
at Temperature ; = * Bee 
3 4 Solubilit Dissolved ; |M. p. by A 
$ 9 Coefficibnt in the Weighed Total % | capillary] "9 
3 Se alcohol | tube e 
80 c.c, 
I0o 52 0.0504 0.4480 0.4984 4.98 91° 
0.063 | 
aaa Pec, ya 
90 IO r5° 0.0226 0.0265 0.0491 0.491 47r° | 9%9 
0.031 | 
713 Ges | | 
80 20 nse 0.0241 0.0715 0.0956 0.956 71° I9.2 
0.033 : | 


Instead of isolating the arachidic acid by fractional precipitation of 
the free fatty acids with lead acetate, as described above, Lewkowitsch* 
prefers to neutralise the soap solution with acetic acid, using phenol- 
phthalein as indicator, and to precipitate the whole of the soaps with 
lead acetate in excess. The lead salts are filtered off and extracted 
with ether in a Soxhlet apparatus, thus separating the lead salts of the 
unsaturated fatty acids from the insoluble lead salts of the saturated 
fatty acids. The latter are then decomposed with hydrochloric acid in 
the presence of ether, and the ethereal solution having been separated 
and the ether distilled off, the residual fatty acids are dissolved in 
alcohol and crystallized as already described. 

Tortelli and Ruggeri proceed in a somewhat similar manner. They 
take 20 grm. of the sample, saponify with alcoholic potassium hydroxide 
and neutralise with acetic acid. The neutral soap solution is poured 
gradually into a wide-necked flask containing a boiling-hot solution of 
20 grm. of lead acetate in 300 c.c. of water, and the whole is well 
shaken for 10 minutes in boiling water. The lead salts are thus 
caused to adhere to the walls of the flask, and the clear liquor having 
been poured off, the soaps are washed three times with hot water, 


then cooled, dried with filter-paper, and boiled with 220 c.c. of ether 
1 Oils, Fats and Waxes, Vol. 2, 252. 
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for 20 minutes under a reflux condenser. After cooling the flask in 
running water for half an hour, the ethereal solution is passed through 
a filter-paper into a separating funnel, and the residue again boiled 
with roo c.c. of ether. This is poured through the filter, and the in- 
soluble soaps are then brought on to the filter and thoroughly washed 
with ether. The ethereal solution of the lead salts of the unsaturated 
acids is decomposed with hydrochloric acid, and the fatty acids obtained 
are used for the silver nitrate test for cottonseed oil and the furfural 
test for sesame oil, which are said to be absolutely characteristic under 
these conditions, since neither test is given by the unsaturated fatty 
acids of any other edible oil. The lead salts of the saturated 
acids are decomposed with hydrochloric acid in presence of ether, 
and the crude arachidic acid is isolated in the manner already 
described. 

F. Jeant has proposed a process based upon qualitative tests by 
Girard and Blarez. 10 grm. of the oil are saponified by being heated 
at-110° with a mixture consisting of 3 grm. of potassium hydroxide 
dissolved in 3 or 4.c.c. of water and 5 c.c. of alcohol at 36°. The mass 
is well stirred with a spatula, the heating continued till the soap be- 
comes dry, when it is transferred to a flask and mixed with 100 c.c. of 
alcohol at 36°, previously saturated with potassium arachidate at 11° 
to 12°. The flask is warmed under a reflux condenser until the soap 
dissolves, and is then left for 12 hours at a temperature of 15°. The 
precipitate is filtered off and re-crystallised in the same way from the 
saturated alcohol. It is then collected, transferred to a flask, and 
boiled with 50 c.c. of water containing some hydrochloric acid, in 
order to liberate the arachidic acid. The latter is subsequently ex- 
tracted with petroleum ether in a separating funnel, and after evapora- 
tion of the solvent dried at 100° and weighed. Its m. p. should not be 
lower than 72°. 

J. Bellier? has proposed the following simple qualitative test for 
arachis oil in olive oil, which the reviser can recommend from personal 
experience. Solutions required are: 

Alcoholic potassium hydroxide, made by dissolving 8.5 grm. pure 
potassium hydroxide in 70% alcohol and making up to 100 c.c. 

Acetic acid of such strength that 1.5 c.c. will exactly neutralise 5 c.c. 
of the alkali solution [120 c.c. of British Pharmacopeeia (36%) acetic 


1 Rev. de Chim. Ind., 1898, 9, 162. 
2 Ann. de Chim. Anal., 1899, 4, 4- 
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acid diluted with water to 150 c.c. is, approximately, of the right 
strength]. 

Weigh 1 grm. of the sample into a dry boiling tube, add 5 c.c. of the 
alkali solution and boil gently over a small flame, holding the tube in 
the hand, until saponification is complete, which will take rather more 
than 2 minutes, avoiding evaporation as far as possible. Add 1.5 c.c. 
of the acetic acid, or just sufficient to neutralise the 5 c.c. of alkali 
solution, mix well, rapidly cool by placing in water at 17° to 19° and 
leave in the water for about 30 minutes (not less), shaking occasionally. 
Then add 50 c.c. 70% alcohol containing 1% by volume of hydro- 
chloric acid (1.16), shake well, and again place in the water for 1 hour. 
If no arachis oil be present, a clear or opalescent liquid is formed; if 
more than 10% of arachis oil be present, a flocculent, crystalline pre- 
cipitate remains; even with 5% of arachis oil a distinct precipitate re- 
mains and separates on standing. 

Industrial neutral olive oils, known in commerce as “Saponified 
Oils” and prepared from the olive residuum oils and oils of the third 
pressing, which frequently contain as much as 3% or even more of 
unsaponifiable matter, apparently derived from the shell of the olive 
kernel, may give a flocculent precipitate in Bellier’s test, though free 
from arachis oil. 

For the quantitative estimation of arachis oil, Bellier takes 5 grm., 
saponifies with 25 c.c. of the alcoholic alkali solution, exactly 
neutralises with acetic acid, and places in running water for 1 hour. 
The precipitate is collected on a filter, and washed with 70% alcohol 
containing 1% of hydrochloric acid (1.16) at 15°-20°, until the 
filtrate does not become perceptibly turbid on the addition of water. 
The residue is dissolved off the filter with 25 to 50 c.c. of boiling 
rectified alcohol, which is then mixed with sufficient water to reduce 
the strength to 70%, and kept at 20° for r hour: The crude arachidic 
acid is filtered, washed with 70% alcohol free from hydrochloric acid, 
and weighed. Them. p. should be about 72°. By this process, Bellier 
obtained 4.2% of crude arachidic acid from Bordeaux earthnut oil 
and 4.17% from a sample of Marseilles oil. A large number of 
European and African olive oils which were examined yieldedj from 
nil to 0.060% of fatty acid, the latter amount, corresponding to 1.44% 
of earthnut oil, being obtained from an oil from Tunis. Known 
mixtures of olive oil and arachis oil gave correct results when analysed 
by this process. Samples of cottonseed oil and sesame oil also gave 
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small quantities of insoluble acids corresponding to 0.72 and 0.48%, 
respectively, of earthnut oil. This process is much shorter than 
Renard’s, but needs further investigation. The reviser has obtained 
good results by the qualitative, but low results by the quantitative 
method. 

In the examination of samples of arachis oil for adulterants, an 
estimation of the crude arachidic acid should be made, as it is the 
most characteristic test for this oil. Tortelli and Ruggeri found the 
following percentages in arachis oil from different sources: 


> 


nie sige Crude arachidic 
Bespion of arachis oil Y acid: % IMU, goes 
moe a ee s 7 a ee = Se 

Buenos Ayres, expressed at 45° to 

SLOTEN | Aras 5 ong Ore IO ct ree eee 5.24 94.4-74.7 
Buenos Ayres, extracted with ether 4.92 74.2-74.8 
Ruffisque, extra, rst pressing...... | 4.31 74.2-74.6 
Ruffisque, fine, 2d pressing........ Ans 44 4-75 .2 
Gambia, extra, rst pressing........ 4.59 74.5—75 62 
French (commercial oil). 2. 2. - 4: Gnas 74.174. 4 
Spanish (commercial oil) ........ 5.40 VAs 7S 


Sesame oil should always be looked for, as it is frequently present 
in large quantity. Soltseint found it by the Baudouin test in all 
samples of commercial arachis oil examined by him, and states that it 
is customary to add sesame oil to the finest grades of arachis oil with 
the object of lowering the cold test and improving the miscibility of the 
oil for salads. As arachis oil is frequently offered as a lubricating oil 
in place of olive oil, the absence of sesame oil is important, as even 
genuine arachis oil has more strongly marked drying properties than 
olive oil, and any addition of sesame oil increases the tendency to 
oxidise. Sesame oil may be detected by the furfural test. It will 
raise the sp. gr., also the iodine, Maumené, and oleo-refractometer 
values. Sesame oil contains more linolic acid than arachis oil. 

Poppy oil would also raise the sp. gr., iodine value, Maumené value 
and oleo-refractometer value of arachis oil, and would lower the 
solidifying point of the oil and of its mixed fatty acids, as well as in- 
creasing in a marked degree the tendency to oxidise. 

Cottonseed oil would be indicated by Halphen’s colour test, 


1 Chem. Rev. Fett-Harz-Ind., 1901, 8, 202. 
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and by the much higher iodine value of its liquid fatty acids and much 
larger yield of tetrabromides. 

Rape oil would lower the saponification value and increase the 
viscosity in a marked degree. 


ALMOND OIL. 


(See also p. 69.) Almond oil is a fixed oil expressed from either 
sweet or bitter almonds, the kernels of Prunus amygdalus. The oil of 
commerce is mostly obtained from bitter almonds (P. amygdalus 
amara), the marc of which is then distilled with water to obtain the 
essential oil. Fixed oil of almonds must not be confounded with the 
essential oil of bitter almonds. It is largely employed in the prepara- 
tion of ointments and emulsions, for which it is better adapted than 
olive oil. 

Almond oil is nearly odourless, of a straw-yellow colour and bland 
taste. It does not solidify till cooled to about —20°, some samples only 
becoming turbid at that temperature: According to the German 
Pharmacopeeia, almond oil should remain clear when exposed to a 
temperature of —10°. The sp. gr. ranges from 0.914 to 0.920. Itis 
soluble in 24 parts of cold alcohol or in 6 parts at the b. p._ It consists 
chiefly of olein and a small quantity of linolin.2 Only small quanti- 
ties of solid glycerides are present, and no stearin.3 It is not a drying 
oil and, according to Lewkowitsch, does not easily turn rancid. 

The chief physical and chemical constants of this oil are given on 
p. 69 and the oleo-refractometer value on p. 44. 7 samples of oil 
from sweet and bitter almonds tested by Lewkowitsch4 in the butyro- 
refractometer at 40° gave numbers ranging from 56.5 to 57.5. The 
refractive indices of 35 samples determined by Harveys in the Abbe re- 
fractometer ranged from 1.4702 to 1.4709 at 20°. 

The mixed fatty acids have an exceptionally low m. p. (see p. 69). 
According to the German Pharmacopceia, they should remain per- 
manently fluid at 15°, should give a clear solution with an equal volume 


of alcohol at 15°, and this solution should remain clear on adding twice 
the volume of alcohol. 


1 Most observers give a smaller range (0.9175 to 0.920 at 15.5° 

; Fatnsteiner. Zeit. Nahr. Pca ae i. = Ae 
Hehner and Mitchell. Analyst,, 1896 21 316. 

4 Analyst, 1904, 29, 105. : 

5 J. Soc. Chem. Ind., 1905, 24, 717. 
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The following are some further results of the examination of the 
mixed fatty acids of-almond oil: 


Sweet almonds | Bitter almonds | Observer 
Solidifying-point (titer test). . Q.5-10.1 | I1.3-11.8 | Lewkowitsch 
Refractive index............ ee 446n en hireanGt | Thoerner 
Iodine value of mixed fatty| 93.5-95.5 | 94.1-96.5 | De Negris and 
acids, | Fabris 
Iodine value of liquid fatty IOL.7 fees ote | Tortelli and 
acids. | | Ruggeri 


Commercial Almond Oil.—Almond oil is frequently adulterated 
with, and sometimes entirely substituted by peach-kernel or apricot- 
kernel oil, which is sold in England as ‘‘foreign almond oil,” or ‘oil of 
sweet almonds, French” (olewm amygdalarum gallicum). Genuine 
almond oil is sold under the name of ‘“‘Almond oil, English.” Olive, 
lard, arachis, rape, sesame, cottonseed, and poppy oils are also liable to 
be employed as adulterants. 

Many of these additions may be detected by observing the absorp- 
tion spectrum of the sample, almond oil differing from most vegetable 
oils in not giving either a banded spectrum or producing strong ab- 
sorption in the red or violet. 

Lard oil and olive oil are indicated by the formation of a white 
granular deposit when the sample is exposed to a temperature of —5° 
for 20 minutes, by the high m. p. of the mixed fatty acids and by their 
incomplete solubility in alcohol at 15°. Lard oil will be further in- 
dicated by the odour developed on warming the sample, and es- 
pecially by the phytosterol acetate test (see under ‘‘ Cholesterol’’). 

Arachis oil may be detected by Renard’s test (see ‘“‘ Arachis Oil”); 
rape oil by the reduced sp. gr. and saponification value of the sample; 
cottonseed oil by Halphen’s colour test, as well as by the high m. p. of 
its mixed fatty acids and its marked drying properties; sesame oil 
by the Baudouin colour test; and poppyseed oil by the increased 
iodine value, refractive power, and Maumené thermal value of the 
sample. 

The detection of the last-mentioned oils presents no great difficulty. 
It is otherwise with -apricot-kernel and peach-kernel oils, which so 
closely resemble almond oil that the ordinary tests are not available. 
Apricot-kernel oil has a somewhat higher average iodine value than 
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almond oil, but the difference is not great enough and the results 
given by almond oils from different sources are .too variable, for any 
definite conclusion to be based upon this test in the case of mixtures. 
Further investigation of the liquid fatty acids might lead to a test based 
upon a difference in the yield of tetrabromides, as Lewkowitsch" has 
suggested, and an observation by Dieterich? that the critical tempera- 
ture of solution determined by Crismer’s method (p. 63) of almond 
oil is much lower than that of apricot-kernel oil or peach-kernel oil is 
also worth following up. In the present state of our knowledge, re- 
course must be had to colour tests, of which the following are 
available: 

Bieber’s Test.—s volumes of the sample are shaken with 1 volume 
of a cold mixture of strong sulphuric acid, water, and fuming nitric 
acid in equal parts by weight. Pure almond oil gives a white or 
yellowish-white liniment, apricot-kernel oil a deep salmon-red or peach- 
blossom colour, changing to dark orange. Lewkowitsch recommends 
this test in preference to others. The reagent should be freshly pre- 
pared. Mixtures of almond oil and apricot-kernel oil containing 1/3. 
of the latter are distinctly coloured, but with 25% the colour is slight. 
Peach-kernel oil gives the same test much more faintly and only 
after standing for some time; this oil will, therefore, be still more 
difficult to detect in mixtures. 

Kreis’ Phloroglucinol Test.s—A few c.c. of the sample of oil are 
poured upon an equal volume at nitric acid of 1.4 sp. gr.; a similar quan- 
tity of a o.1% solution of phloroglucinol in ether is then added and the 
whole well shaken together. Peach-kernel and apricot-kernel oils 
give an intense raspberry-red colour, inclining to violet. Chwolles, 
who recommended this test, found that genuine almond oil gave no 
colour or only a faint rose-red colouration and that 10% of peach- 
kernel oil could be detected in admixture, but Lewkowitsch found that 
several genuine almond oils gave the coloration more or less strongly 
and recommends great caution in the use of this test. It should be 
noted that the raspberry-red colour is also obtained with arachis, ses- 
ame, cottonseed, walnut, and castor oils, but not with olive or lard oils 
(Kreis). 

Nitric Acid Test.—Almond oil, if shaken with nitric acid of 1.4 
sp. gr. becomes pale yellow; apricot-kernel and peach-kernel oils be- 


oe aa 29,1 
ee Wright and Mitchell, Oils, Fats, W: 
3 Chem. Zeit., 1902, 26, 897. eo ER tes ae ake 
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come orange-coloured (Micko). According to the British Pharmaco- 
peeia, if 2 c.c. of almond oil “be well shaken with 1 c.c. of fuming 
nitric acid and 1 c.c. of water, a whitish, not brownish-red, mixture 
should be formed, which, after standing for 6 hours at about 10°, should 
separate into a solid white mass and a nearly colourless liquid (absence 

_ of peach-kernel and other fixed oils).”. The United States Pharma- 
copoeia and the Swiss Pharmacopceia also give this test for the detection 
of peach-kernel oil, but Umney! found the test incapable of detecting 
peach-kernel oil, though useful for detecting apricot-kernel oil. 
F. B. Power, in a paper read before the British Pharmaceutical Con- 
ference in July, rg00, suggests as an explanation of this apparent dis- 
crepancy the statement of Hirsch that ‘‘Pfirschkernél,” for which the 
Swiss Pharmacopceia gives the test with fuming nitric acid as specific, 
is not the oil from the kernels of the common peach, but from a small 
sort of the bitter almond, Amydgalus communis. This oil, Power 
states, shows the behaviour described in the Pharmacopceia. 


APRICOT-KERNEL OIL.22 PEACH-KERNEL OIL.’ 
PLUM-KERNEL OIL. 


(See also p. 69.) These three oils, obtained, respectively, from 
the kernels of the apricot, Prunus armeniaca, the peach, Amygda- 
lus persica, and the plum, Prunus domestica, closely resemble almond 
oil, for which they are largely used as adulterants and substitutes 
(see ‘Almond Oil’’). Apricot and peach-kernel oils are known com- 
mercially as Ol-Amygdale Persic. (Squire). 


HAZELNUT OIL. 


(See also p. 69.) This is a golden-yellow coloured, non-drying 
oil, obtained from the seeds or nuts of Corylus avellana, the common 
hazel. The nuts contain from 50 to 60% of the oil. It is used in 
perfumery, in pharmacy, and also as a lubricant for clocks. 

Hanus? states the composition of the fatty acids of this oil to be, 
oleic acid 85, palmitic and stearic acids ro. About 1% of stearic 
acid was found, but no arachidic acid, and no linolic or linolenic acid. 
The oil forms a green-coloured, solid elaidin. It contains about 0.5% 


of phytosterol. Hanus obtained the following values: 
1 Pharm. Jour. July, 1899, p. 106, and Jan., 1900, p. 8. 


2 See Lewkowitsch, Analyst, 1904, 29, 105. 
3 Zeit. Nahr. Genussm., 1899, 2, 617. 
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: Mixed fatt Liquid fatty 

OW acids acids 
Sk Ge) BUG Qen so sactasco aso oscus 0.9169 
iMiatimené teSt ental aers ra. oleae BO2° | 
Sapomitication) value. a) alee = BOS | 200.6 198.5 
lodinemvaluenarcuiecrs Grecia t go.2 90.6 QI .3 
ehneneyal eset ee cit eerie 95-6 
Reichert-Meiss] value:............. ©.99 
Acetylmvaluese ear tans gator Bae 


Tortelli and Ruggeri found the iodine value of the cold-pressed oil 
to be 83.9, and that of the liquid fatty acids 97.6, which points to the 
presence of fatty acid more unsaturated than oleic. 


OLIVE OIL. 


(See also p. 69.) Olive oil is expressed from the fruit of the olive, 
Olea europea, and oil of inferior quality is extracted from the residual 
marc by carbon disulphide (‘‘sulphocarbon oil’’) or petroleum ether. 
Peano’ states that in determining the oil in olives, carbon disulphide 
should be used and not ordinary ether, as the latter dissolves another 
substance. 

Of the commercial varieties, Provence and Tuscan oils are among the 
most esteemed. ‘The finest grade in the market is “‘finest cream sub- 
lime oil,’ which is imported from Leghorn. Oils of other origin are 
Gallipoli, Sicilian, Spanish, Portuguese, Levant, and Mogador. That 
sold in the so-called ‘‘Florence flasks,” is usually of inferior quality. 
Lucca and Gallipoli oils are well-known brands, and much excellent 
oil is expressed in Spain, and exported from Malaga and Seville. 
Olive oil is now largely prepared in California, Tunis, Algeria, and 
Morocco. Much African oil goes to Nice and is there blended with the 
oil of the district and sold as pure Nice olive oil.? 

The oil which exudes from the ripe olives under moderate pressure 
in the cold is sold as “virgin,” “sublime,” or “first expressed”? oil; it is 
the best edible oil. Ordinary oil, from a second pressing with the aid of 
hot water, has a less agreeable flavour than the first and is more liable 
to become acid, but the two sorts are often mixed, forming several va- 
rieties. “Pyrene’” oil, “bagasses’” oil, “huile tournante,” “huile 
@enfer,” etc., are very impure acid oils, recovered from residues which 


1 J. Soc. Chem. Ind., 1903, 22, 35. 
2 Chemist and Druggist, Aug. 19, 1905. 
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have fermented. Industrial neutral olive oils, known as “saponified” 
oils, are prepared from these residuum oils and oils of the third press- 
ing by washing with alkali to remove the free fatty acid. 

The variations in the quality are largely dependent on the manner in 
which the olives are treated, as, e. g., the care with which the fruit is 
plucked, the length of time it is stored before being crushed, etc. The 
flavour of the oil, which largely governs its commercial value for edible 
uses, apart altogether from its purity or genuineness, depends upon the 
variety of olive from which the oil is expressed, the degree of ripeness of 
the fruit when picked, and the process of extraction. 

In some countries olive oil is an important article of diet. It is em- 
ployed in the manufacture of woollen cloth, and in dyeing fabrics 
turkey-red, though its application for these purposes is decreasing. 
The inferior varieties are employed in soap making. It is highly es- 
teemed as a lubricant, and is largely employed when price permits. 
The quantity used in this way depends much on the price of rape oil, 
which is usually much cheaper, and, though more liable to ‘‘gum”’ than 
olive oil, is less apt than the latter to become acid. 

‘Olive oil differs in physical characters according to its quality. 
The finest kinds have a pale yellow colour, with a tinge of green, are 
almost wholly free from odour, and possess a mild and agreeable 
taste. Inferior qualities have a greenish-yellow or brownish-yellow 
colour, an unpleasant odour, and a decidedly acrid after-taste. 

The absorption spectrum of the fresh oil shows well-defined chloro- 
phyll bands, which become changed or altogether destroyed on ex- 
posure to sunlight or heating with caustic alkali. 

When cooled to about 2°, it commences to deposit a white granular 
fat. At o° to —6° it solidifies to a product which can be separated by 
pressure into a solid tallow-like fat and a fluid “‘oleine.” 

Chemically, olive oil is chiefly composed of the glyceryl esters of 
oleic and palmitic acids, with some linolic acid. The proportion of 
esters of solid fatty acids is very variable in the oils from different 
sources, and exceptionally large in the Tunisian oils from Sfax and 
Sousse which, in consequence of their depositing solid fat at tempera- 
tures as high as 10°, are “‘demargarinated”’ before being placed on the 
market.t The fatty acids exist partly as mixed glycerides. Holde 
and Stange have isolated about 1.5% of oleo-dimargarin, and Holde 
has obtained evidence that the remainder of the solid acids are present 


1 Lewkowitsch. Oils, Fatsand Waxes, II, 287. 
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as mixed esters containing r molecule of saturated fatty acid and 2 
molecules of oleic acid.1. Hehner and Mitchell found no stearic acid 
in olive oil. Minute traces of arachidic acid have been isolated, but not 
sufficient even in Tunisian oils to lead to erroneous conclusions being 
drawn from the results of Renard’s and Bellier’s tests for arachis oil.? 

Olive oil is the type of a non-drying vegetable oil. It does not 
thicken materially, even on prolonged exposure to air, but gradually 
becomes rancid, a change which appears to be mainly due to oxidation. 
In very thin films it dries slowly. The following results obtained by 
Archbutt 4 show how it compares with some other well-known oils in 
this respect: 


Time required for a thin film to dry in 
air at-50° (0.1 grm. oil on a glass 
surface 7 cm. square) 


Kind of oil 


Olive Oil Misen ais eeu cde asec eee More than 13 days. 
ape \Oil cas nepiayer on ee ae ERE About 48 hours. 
Curcas:oilce.r aac mia Serene About 24-30 hours. 
Cottonseed foil 2 y-actesn th oa eee ee ae About 21 hours. 
Maize Ol jondnne Wace oreo ois oo ee aes About 18 hours. 


aniseed! Oil esaslss ee ree re cae 


About 12 hours. 


If free from acid it is only slightly soluble in alcohol, but dissolves in 
about 1.5 times its weight of ether, and is miscible in all proportions 
with carbon disulphide, chloroform, and hydrocarbons. 

When heated to about 120°, olive oil becomes lighter in colour, and at 
220° nearly colourless and at the same time rancid. At 315° it suffers 
decomposition, emitting a disagreeable odour of acrolein. 

The following are some observed analytical data of the mixed fatty 
acids of olive oil not given on p. 69: 


Authority 
Sopa” Mele SRNL eines nee Meer ee oom 0.843 Allen. 
Ps Bis at BOO" / OOP. e) Anke abe sia ee ste beree 0.874-0.876 Archbutt. 
Solidifying-point (titer test).................) 16.9°-26.4° Lewkowitsch. 
Retractiveindexyat.OCow men 4a ie meen I.4410 Thoerner. 
Iodine value of mixed fatty acids........... 86-90 : 
Iodine value of liquid fatty acids ........... 92.8-104.2 f a 


ee es 
1 Ber., 1901, 34, 24023; 1902, 35, 4036; 1905, 38 

2 Archbutt, J. Soc. Chem. igor 26, pean pees 

* Ryan and Marshall. Amer. Jour. Pharm., 1907, 79, 308. 

4 J. Soc. Chem. Ind., 1899, 18, 346. 
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Assay of Genuine Olive Oil.—Genuine olive oil often contains a 
notable quantity of free acid, the proportion of which increases by 
keeping and exposure. In 151 samples from various sources Arch- 
butt found the following percentages of free (oleic) acid: 


| 
Free (oleic) acid % 
Number of S | Sy _ SRE - 
samples ee | | | 
| Highest | Lowest | Average 
70 SPAIN sac sana} ae ee ee ho ar D5 55 
36 LE Vb ian Cramerecens crabs cranes toes Sic 25.20 0.9 8.5 
28 LCV ee aitaneratay sleitiamo Nolte eee roe | 0.5 g.1 
12 Gandia ac sekil mci. Saeevace nome | sO-8 ats; 9-5 
3 eV ATE AP eit Arar ae oes acer ae | Bee Ses 10.4. 
z: ZEROS iercualaree ool oats Ste eee Ae 8.7 4.8 6.7 
| 


Thomson and Ballantyne? and Thomson and Dunlop3 found in 20 
samples of commercial oils from very varied sources free (oleic) acid 
ranging from 3.86% in a sample from the Levant to 24.72% in a 
sample of Mogador oil. 

Tolman and Munson found in 18 Italian oils from 0.57 to 2.79% 
and in 38 Californian oils from 0.20 to 3.51%.4 

The following results were observed by N. J. Lane in the United 
States Customs Laboratory at New York:5 


Number of samples 
Free fatty acid, % a i 3 
French oil Italian oil Total 
INOtiexceeding atau. sac. 5s 0s 28 35 63 
RONG steed cere ais aye, Thee Fake ji 8 I5 
(SLOWED © ite tetetnctsye tiie sun se sss Io 5 15 
DOGO Ome teen cect werent ie ss 5 8 8 II 
PIO ces nore Coen Detect I fo) I 
49 56 105 


Most of this free acid is caused by allowing the fruit or the pulp to 
ferment before the oil is expressed from it, or by storing the oil in a 
crude state. 


1]. Soc. Chem. Ind., 1889, 8, 685. 

2 Jour. Soc. Chem. Ind., 1891, 10, 233. 

3 Analyst, 1906, 31, 281. 

4 Jour, Amer. Chem. Soc., 1903, 25, 954- 
5 Jour. Soc. Chem. Ind., 1900, 19, 223. 
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It has been shown! that if the oil be filtered immediately after ex- 
pression, to remove the insoluble impurities, the acidity does not in- 
crease by storage, or at any rate only very slowly. 

Oil intended for table use, for lubricating, and for burning in lamps, 
should be as free as possible from acid, a maximum of 4% being the 
desirable limit. In lubricating oils, the free acid corrodes the bearings, 
forming metallic soaps which dissolve in and thicken the lubricant.? 
In lamp oils excess of acid causes charring of the wick. For soap- 
making, free acid is no detriment, and for Turkey-red dyeing a very 
acid oil (“‘tournante oil’’) is preferred, as it readily emulsifies with a 
solution of sodium carbonate. Lewkowitsch states that 25% of free 
fatty acids should be present in Turkey-red oil. For woolcombers’ 
use free acid is not necessarily objectionable, providing the oil 
does not form sticky and varnish-like films on the wool. (See below.) 

The proportion of free acid in olive oil can be ascertained with ease 
and accuracy by titration in presence of alcohol with standard caustic 
alkali and phenolphthalein, in the manner described on p. g. 

Burstyn (Dingl. polyt. J., 1875, 217, 314; J. Chem. Soc., 1876, 20, 
769) has described the following method for estimating the free acid 
in olive oil. The process appears well suited for rapid technical in- 
vestigations, though the volumetric method described elsewhere will be 
preferred by chemists. The oil is shaken with an equal measure of 
rectified spirit of 0.830 to 0.840 sp. gr., the exact figure being accurately 
determined. After the liquids have separated, the sp. gr. of the spirit 
is determined. Burstyn finds that an oil, 100 c.c. of which contains 
free acid in quantity sufficient to neutralise 1 c.c. of normal alkali 
(=0.282% of oleic acid), will raise the gravity of the alcohol from 
0.830 to 0.8325, and that each additional 1 c.c. of alkali neutralised 
corresponds to an increase of 0.0003 in the sp. gr. of the spirit. Hence, 
the increase due to the solution of a trace of neutral fat is 0.0022, and 
that each increase of 0.0001 in sp. gr. beyond this number represents 
= =0.094 grm. of free acid perrooc.c. Burstynstates that the action 
of olive oil on brass is regularly and directly proportional to the per- 
centage of free acid present. 

In examining oil intended for cooking or table use, the flavour and 
odour should be carefully observed, as many apparently genuine speci- 
mens which are fairly free from acid are unsatisfactory in this respect. 


1 Milliau, Bertainchaud and Malet. Monit. Scient., 1900, 56, 508 
? Archbutt and Deeley, Lubrication and Lubricants, 6. 21 : SB 
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Richardson and Jaffé* find that some olive oils thicken and gum by 
oxidation much more readily than others, and are, therefore, less 
suitable for oiling wool. This property has no necessary relation to 
the percentage of free oleic acid present, but the source of the oil is 
of far greater importance.?_ In order to test the oxidisability of an oil, 
they place ro grm. in a tin tray measuring 4 in. by 6.5 in. by o.5 in. 
deep, contained in a special oven,3 pass over the oil a current of air 
at 100° for 6 hours or 204° (400° F.) for 4 hours, and determine the time 
of efflux at 100° of 5 c.c., before and after oxidation, from a jacketted 
5 c.c. pipette. The following results were obtained: 


Percentage increase of 
: fter heatin for 
te . Fr lei viscosity eet - 1g 
Description of oil aaa te i) 
6 hrs. at 100°} 4 hrs. at 204° 
CERO. thand.c o.oo SOM TOO ore ee ots 10.5 
SMUG Jubig’> Uloitio'cs CUO pn Dried 3.82 32.6 
Gallipoligetme auuke setts ae esirs sp aes 4.23 73 
Seville isms erciauserielsaciele ee lat, fuel 'a heer acd 4.23 644 
MVOV ADU mies gcheceun telly seu > e 12.69 315 


These results explain the preference given to Gallipoli oil by 
wool-combers, but the excessive acidity would be objectionable for 
lubricating. 


EXAMINATION OF OLIVE OIL FOR ADULTERANTS. 


Olive oil is very liable to adulteration, the sample being sometimes 
coloured to give it the appearance of green olive oil. A colouration 
due to copper can be detected by adding ether and shaking with dilute 
sulphuric acid, which removes the green colour. On drawing off the 
acid liquid, copper will be found in it by the usual tests and may be 
quantitatively determined. 

Cottonseed oil is probably the most frequent adulterant of olive oil, 
especially in America; but arachis, sesame, poppy, lard, and rape oil are 
also used. Poppy oil, on account of its sweet taste and slight odour, is 
said to be a frequent adulterant in Europe, but it is doubtful if it is 
ever used in America (Tolman and Munson). The acrid taste of 
even refined rape oil would be against its use in edible olive oil, but it 
might be added to lubricating oil. Maize oil, which is largely produced 

17. Soc. Chem. Ind., 1905, 24, 5 


2 See also Milliau, Ber aincheud aud Malet, Monit. Scient., 1900, 56, 508. 
8 Obtainable from Messrs. Reynolds and Branson, Leeds, England. 
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in America, is a not unlikely adulterant, and has been sold as a sub- 
stitute for olive oil (see below). Lard oil, expressed at a low tempera- 
ture and specially refined, is largely used when the price permits of it, 
“Superfine Lucca oil” being stated to contain sometimes as much as 
60 to 70% of it. Fish oils are occasionally employed, menhaden oil 
being said to be used frequently. Hydrocarbon oils are also used. 

In the United States, cottonseed oil is largely sold under the name of 
olive oil. In fact, until the adoption of the recent food laws, especially 
the Federal act, the label ‘‘Huile d’Olive vierge, E. Loubon, Nice,”’ 
was generally understood in the grocery trade to indicate cottonseed 
oil. Bulletin No. 77 (1905) of the United States Department of 
Agriculture contains illustrations of several spurious labels. A bottle 
labelled ‘‘Freres & du Peaux, Bordeaux, France. Huile D Olive” 
contained cottonseed oil. Another containing mixed olive and cotton- 
seed oil bore the label ‘Tisserand & Fils. Huile d’Olive extra sur- 
fine, Bordeaux, France. Falcon brand.’’ A mixture of olive and 
peanut oil was described as ‘‘Huile D’Olive, extra surfine, Jules 
Chambon & Cie., Bordeaux, France.”’ This label also bore the 
signature of the alleged importer. On enquiry at Bordeaux, no trace 
could be found of the above-named firms, and most likely the labels 
as well as the oil were of American manufacture. A label of another 
kind was found on a bottle of maize oil. This, at first glance, appears 
to read “‘Superior Olive Oil. Dove Pure Oil Co.,” but, on closer in- 
spection, itis seen to bear the words ‘‘Superior in quality, purity and 
flavour to any olive oil in the market.” 

In examining olive oil, the most important indications are sp. gr., 
iodine value, saponification value, rise of temperature on treatment 
with sulphuric acid or bromine, amount and nature of the unsa- 
ponifiable matter, some form of oxidation test, and some colour in- 
dications. Some sophistications require the application of special 
methods for their detection. 

The sp. gr. of olive oil usually ranges from 0.915 (rarely 0.914) to 
0.917 at 15.5°, but genuine Tunisian and Californian and even some 
Italian oils may have as high a sp. gr. as 0.918. Even 0.919 has been 
recorded for Tunisian oil and 0.9203 for an olive oil from the Punjab.* 
On the other hand, a sp. gr. as low as 0.9122 has been observed in an 
oil containing 31% of free (oleic) acid? High gravity oils are usually 


1 Crossley and Le Sueur, J. Soc. Chem. Ind., 1898, 17, 998. 
2 Bull. No. 77 (1905) U. 8. Dept. of Agriculture, p. 15. 
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dark in colour, and may contain oil from the kernel and endocarp. All 
samples over 0.917 in sp. gr. should be submitted to a very critical 
examination for adulterants. An admixture of rape, lard, or arachis 
oil would not be indicated by the sp. gr. Cottonseed, poppyseed, or 
sesame oil would tend to raise it, but the sp. gr. could be adjusted by a 
judicious mixture of these with sperm or mineral oil which would, 
however, be readily detected by other tests. 

The zodine value is a most useful test, but for its correct interpretation 
a knowledge of the source of the oil is needed. Genuine samples 
usually absorb from 82.0 to 86.0% of iodine, but lower and higher 
values may be met with and the oil still be genuine. The results of 
numerous observers for oils from various countries tabulated by Lew- 
kowitscht range from 77.28 to 94.7. Italian and Spanish oils rarely 
absorb more than 86% of iodine; the highest iodine values are to be 
looked for in the oils from California, Tunis, Algiers, Morocco, and 
Dalmatia. The following values have been recorded for single 
samples: 


| . 
Observer | Source of oil pane 
(Col py ter nee aertaei nie fo sas ere |) Cahitorniats) oP lll Pee | stats 
Crossley and Le Sueur3........... _ Punjab BE heat cre eras A ar eee | 93.67 
PEeTIS an Cy Eehise ee cee aster ss « | Morocco black olives, hand pressed, QI.5 
(GE MODZMENOVICSe wv ettee se Gees «une ce Dalmatia eras weds ote teiec'sietart a 92.8 
Thomson and Dunlop®.,......... | Mogador. . sopeeess —aleaO4 <3 
ATC RO ULUee ecm te exec. Sic ese | Mornag (Tunis). “Olive (var.)| 94.7 
Chetui. 
| Bizerte (Tunis Olive (var.)}| 91.1 
|) Chetui: | 
Medjez-Amar (Algeria)..........| 90.5 


A few varieties of olives grown in certain districts appear to give these 
exceptionally high results, oils from other varieties and districts giving 
normal or more nearly normal figures. In ordinary cases, an iodine 
value of over 87 would indicate adulteration. Goldberg’s observation 
that the solid and liquid portions of chilled olive oil absorb practically 
the same amount of iodine shows that the iodine value of demargari- 
nated oil is not likely to be appreciably higher than that of the entire 
oil from the fruit. 

1 Chem. Tech., 2, 275. 

2 California Agr. Expt. Sia. Rept., 1897-8, 168. 
3 J. Soc. Chem. Ind., 1898, 17, er 

4 Zeits. Oeffentl. Chem.., 1903, 9, 2 

5 Lewkowitsch, Chem. Tech., 2, so (footnote). 


6 Analyst, 1906; 31, 281. 
7 J. Soc. Chem. Ind., 1907, 26, 453 and 1185. 
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Tolman and Munson! give a large number of analyses of genuine 
Californian olive oils obtained from all parts of the State and represent- 
ing the different soils and climatic conditions. The iodine values of 
42 samples ranged from 78.5 to 89.8, with an average of 85.1. 11 
samples examined by Blasdale ranged from 80.0 to 86.5; average 84.0. 
Samples of known purity examined by Colby ranged from 77.7 to 
93.5. ‘Tolman and Munson have found that the iodine value increases 
as the percentage of solid fatty acids and the m. p. of the mixed fatty 
acids decrease, and they recommend that the iodine value should be 
considered in conjunction with these other factors and with the iodine 
value of the liquid fatty acids. They give the following table: 


RELATION BETWEEN IODINE VALUE, SOLID FATTY ACIDS AND M. P. OF 
MIXED FATTY ACIDS (CALIFORNIA OILS). 


: Solid fatty |M. p. of mixed : Solid fatty |M. p. of mixed 
Iodine value acids, % fatty acids,° Iodine value acids, % fatty acids,° 
79.9 IO.91 | 31.0 85.6 4.92 2.3 
83.0 702 28.0 85.7 6.27 23.4 
82.9 5.70 25.0 86.2 3-39 21.1 
84.3 7.23 | 23.4 88.2 4-42 23-5 
85.6 Ki r2 | 22.6 88.5 2.43 20.2 

} 


The same relation was found to hold good in a general way for. 
Italian oils, but Milliau did.not find this relation in the oils from 
Tunis. He found oils, for example, with an iodine value of 88 and a 
m. p. of fatty acids of 37°. The following table shows the relation be- 
tween the iodine value of certain olive oils and that of their liquid 
fatty acids: 


Iodine values 


Of oil Of liquid fatty acids 
Kind of olive oil 


Tolman | Tortelli |__ eels ane abe sae Tortelli 
and and and 
Munson | Ruggeri | Determined | Calculated? | Ruggeri 
s Maximum 86.1 85. 8. 
Wtaylie i005 waste nvets Minimum 719.2 Bo es 39 3 "30 ; : roe : 
Average 81.6 83.6 94.0 96.5 97-5 
Maximum Jin dens. 87. | 
Spanish. ....... Minimum 12222211, fog \otkl he oeeaereeee 
| Average i tsgrttes: 85.5 [event eee e eter eee eee es 100.4 
7 i Maximum So08 he cae oer 
Californian ..... Minimum 78 ce Nciene 3 See | a =o 
Average BSS Re ee ie 92.8 95.0 


1 Bull. No. 77. U.S, Dept. of Agriculture. 


2Calculated from the iodine val f i i i 
Pits Weer wine alue of the oil, the percentage of solid fatty acids, and the 
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Tolman and Munson have ascertained the iodine values and the 
solid fatty acids of a number of oils, and they point out that the rela- 
tion between these numbers gives a great deal more information in the 
analyses of mixtures than the simple iodine values of the oils them- 
selves. Their results are summarized in the following table. 


AVERAGE IODINE VALUES AND PERCENTAGE OF SOLID FATTY 
ACIDS OF VARIOUS OILS, OBTAINED BY 
TOLMAN AND MUNSON. 


“4 Iodine value of | 
ge _ 
| B Kind of oil Tiga | Solid fatty acids, % 
5 a Oil fatty 
acids 
18 Oliver (italian) marmite « 81.6 | 96.5 | 10.50 iateaee wu a, 
39 Olive (Californian)....... 85.3) | (95.01 5260 ae a eo 
Maxi 6. 
4 TEAC esse tare veers. sarc as PRES Nl Oey) eso! } Minium ees 
6 Cottonseed semi ieme ts -2-rl|| TOO LO T3S, OMlma tary ie tatiee 
4 Rapere Mas civ eis tans} (9620. 1 202.5 Nh, 0.64 
& MVGuiStardiernnrets train tccus Ty poey |p asa) | swouie 
2 SUMAMO Were attoside sae era DOOL2 EELS 6 Wn 1300 
I SESE re oman cin ene Oe 106.6 | 115.4 | 10.70 
3 IVE BIZ ORE eerie tats tage ade nist ote ts 120.7 | 136.4 | 7.04 
I OD Dyer tne mere. cee eta 134.9 | 151.7 | 6.67 


The saponification value of genuine olive oil, according to De Negris 
and Fabris, who examined 203 samples, may range from 18.5 to 19.6%, 
and is usually 19.0. 106 samples examined by Oliveri had values 
ranging from 19.05 to 19.5, 38 Californian oils tested by Tolman and 
Munson ranged from 18.9 to 19.5, 400 samples of commercial oil 
(mostly Spanish and Italian) tested by the writer had values ranging 
from 18.80 to 19.29%, and 20 samples of oil from Tunis and Algeria 
ranged from 18.92 to 19.19%. A low saponification might be due to 
the presence of olive-kernel oil or to adulteration with rape, mustard, 
sperm, or mineral oil. No adulterant likely to be added would materi- 
ally raise the saponification value of olive oil. 

The rise of temperature on treating the sample with sulphuric acid 
(Maumené’s test) or with bromine (Hehner and Mitchell’s test) are 
valuable indications of the purity of olive oil. Almost all oils, except 
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cocoanut olein and tallow and lard oils, produce more heat than olive 
oil, so that a rise of temperature of more than 45° with sulphuric acid 
(10 c.c. of acid containing 97% H,SO, and 50 grm. of oil) may at 
once be considered as indicating probable adulteration, and in some 
cases it allows of an approximate estimation of the extent of the 
sophistication. 

Archbutt! has determined the heat of bromination of 10 samples of 
olive oil and obtained results ranging from 13.55 to 14.5, using 1 grm. 
of oil and 1 c.c. of bromine. The thermal values when multiplied by 
5.7 agreed very nearly with the iodine values. 

The elaidin test is of little use unless carried out under standard con- 
ditions.2 The reagent should be prepared by dissolving 6 grm. of 
mercury in 15.6 c.c. of nitric acid (1.42) in a 50 c.c. stoppered cylinder 
immersed in cold water, it should be mixed with the oil in the propor- 
tion of 1 part of reagent to 12 of oil by weight and the mixture kept at 
a fixed temperature and shaken every 10 minutes. Under these condi- 
tions, at 10°, genuine olive oil is converted into a solid pale yellow 
coloured mass. of elaidin in about 1 hour, arachis oil rather more 
slowly, but rape, cottonseed, sesame, and other more strongly drying 
oils remain partially or wholly liquid and are coloured orange or red. 
To increase the delicacy of the test, it should be made at 25°. Olive 
oil will, then, take from 200 to 400 minutes to solidify, and 10% of more 
strongly drying oils if present will delay the solidification, darken the 
colour, and soften the consistency of the elaidin formed. It is said that 
as little as 5% of poppy oil can be detected by this test at 10°, which re- 
quires confirmation, but most adulterants are more readily detected by 
other tests. Olive oil which has become bleached by exposure to sun- 
light no longer forms a solid elaidin. 

Useful information as regards the oxidising properties of an olive oil 
may be obtained by exposing 0.5 grm. on a watch-glass to the air ina 
water-oven at 100° for about 16 hours side by side with an equal 
weight of a standard sample on a watch-glass of the same curvature. 
Livache’s or Bishop’s tests (pp. 36 and 38) may also be used. 

Reference to the tables on pp. 44-45 will show that the oleo-refractom- 
eter of Amagat and Jean isa valuable instrument for the rapid testing 
of olive oil, the recorded deviation of genuine samples ranging from 
o° to+3.5°. 106 samples examined by Oliveri3 ranged from 0° to + 2°. 

1], Soc. Chem. Ind., 1897, 16, 309 


2 Archbutt, J. Soc. Chem. Ind.. 886 
3], Soc. Chem. Ind., 1894, x3; ih oe. 
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All fixed oils likely to be added as adulterants would increase the re- 
fraction, except neat’s-foot, arachis, lard, and tallow oils. 

The unsaponifiable matter of genuine olive oil contains phytosterol, 
but no cholesterol. It does not exceed 1.5% in normal olive oils of 
the first and second pressing. In olive residuum oils (les huiles de 
grignon Wolives), however, and also in certain olive oils of the third 
pressing, larger quantities, even as much as 3.3%, of unsaponifiable 
matter have been found by the writer, derived, according to Milliau, 
from the shell of the olive nut. Any excess would probably include 
hydrocarbons from mineral or rosin oil, or wax alcohols from sperm 
or some other marine animal oil. 

Cottonseed oil, unless it has been rendered insensitive by heating, 
would be detected by Halphen’s colour test (page 135), the result of 
which must, however, be interpreted in conjunction with the quantita- 
tive values, especially the sp. gr., refractive power, iodine value, 
thermal tests, and the titer test of the mixed fatty acids, all of which 
would be raised by the addition of cottonseed oil. Some of these 
might be adjusted by the addition of a third oil, but the fraud would be 
detected by an abnormality somewhere if a complete examination 
were made. The addition of mineral oil or sperm oil, for instance, 
would increase the percentage of unsaponifiable matter. Other 
colour tests which may be applied are those with silver nitrate (Becht, 
Milliau) and nitric acid (see under ‘Cottonseed Oil”). As some 
genuine olive oils have been found to give a brown colour in Bechi’s 
test and a yellowish-brown colour with nitric acid, the results of these 
colour tests must be used with caution. A mixture of cottonseed and 
lard oils could be made having the normal sp. gr. and iodine value of 
olive oil, but the oleo-refractometer, the titer test of the mixed fatty 
acids, and the iodine value of the liquid fatty acids, would detect 
adulteration with such a mixture. 

Sesame oil would be detected by the very delicate furfuraldehyde 
test (p. 143). Some genuine olive oils have been found to give a 
pale violet or rose-red colouration in this test, but it is unlikely for 
error to occur if proper consideration be given to the quantitative 
values. Sesame oil, if present, would affect the quantitative values 
very much in the same way as cottonseed oil. 

Arachis oil can be detected in olive oil by Bellier’s test (p. 99) 
and estimated by Renard’s process (p. 93). The ordinary quanti- 
tative values of this oil are little different from those of olive oil. Some 
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indications of its presence might be obtained by an abnormally high 
iodine value, but this would be very uncertain (recorded values for 
arachis oil, 83.3 to 105; for olive oil, 76.2 to 94.7). It may be noted 
that sesame oil is frequently mixed with arachis oil, and the two may, 
therefore, occur together. Arachidic acid occurs in rape and mustard 
oils, but these would betray their presence by lowering the saponifica- 
tion value and raising the iodine value and thermal values of olive oil. 
Poppy oil or maize oil added to olive oil would affect the sp. gr., 
iodine values, and thermal values much in the same way as cottonseed 
oil, but they would not alter the titer test of the mixed fatty acids, nor 
increase the percentage of solid fatty acids as cottonseed oil would do. 
Poppy oil has a high iodine value and dries strongly. Maize oil is 
said to give a peculiar red colour when shaken with nitric acid (1.37), 
which is quite different from the colour obtained with cottonseed oil. 
Lard oil in most of its quantitative values closely resembles olive oil, 
and would not be detected by the ordinary tests. The odour of the 
sample when warmed might reveal its presence, but the detection of 
cholesterol in the unsaponifiable matter by Bomer’s test (see under 
‘“‘Cholesterol’’) would be the best evidence of the presence of lard oil. 
It might also be worth while to look for stearic acid in the mixed fatty 
acids by Hehner and Mitchell’s process, since olive oil contains no 
stearin. Lard oil would increase the percentage of solid fatty acids. 
Fish and other marine animal oils would probably show them- 
selves by the taste, the smell on warming the sample, and the red 
colour produced on heating the oil with caustic soda solution. Most 
fish oils would raise the sp. gr. and iodine value, but they would be 
especially identified by the insoluble bromoglyceride formed by adding 
bromine to the solution of the oil in ether and acetic acid in Hehner and 
Mitchell’s process (p. 28). Linseed oil would, of course, give a 
similar precipitate. 
The characters of commercial olive oil must depend to some extent 
upon whether, in the process of expression or extraction, the olive 
kernels have been crushed and the olive-kernel oil included. 


OLIVE-KERNEL OIL. 


This oil was formerly believed to be quite different in properties 
from ordinary olive oil (the oil of the mesocarp), having a sharp and 
bitter taste, a dark green or brown colour, and being readily soluble in 
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alcohol owing to the presence of much free fatty acid; but it has been 
shown by Klein? that the characters formerly assigned to olive-kernel 
oil were really those of pyrene or bagasses oil, the dark coloured, much 
decomposed oil expressed from the stones and refuse of the first and 
second pressings of the olives. Pure olive-kernel oil, prepared both 
by cold and warm expression from the kernels alone, without any ad- 
mixture of the pulp, was found to have the following characters, as 
compared with a sample of bagasses oil: 


Olive-kernel oil onseces 
oil 
SP reC ib ER Or rMryarh fee tic ine aes crease site | 0.9186 to 0.9191 0.9277 
Saponitication, value 7oemraeees a seen [t8 5284 £0128,38 + | 29.05 
Lodinetval uci ppt sania usec ecu itaiciersy | 86.99 to 87.78 /EAOLY 
ReiractivennGex agi tot cclcce asc aaeari. i mted0Sa fOr Lt. 40ogm| 
Ereentatiy ACIS | Homa sini leueierne onsen cn COmm TOME 7S TL. 


From these results it appears that pure olive-kernel oil is higher in 
sp. gr., somewhat higher in iodine value, and lower in saponification 
value than most olive oil, but it does not naturally contain an excess | 
of free fatty acid. 

In consequence of the belief prevalent among manufacturers and 
dealers that the presence of kernel oil in olive oil causes rapid decom- 
position of the latter to take place, Klein made mixtures of pure olive 
oil and pure olive-kernel oil and kept them in well-stoppered bottles, 
excluded from light, for 6 to 7 years. Scarcely any change took place 
either in the colour, taste, or smell of the oil, and the increase of free 
fatty acid was trifling in amount, proving that there is no reason why 
the stones and fruit of the olive should not be crushed together if the 
oil is properly refined immediately afterward. 

Klein detected no arachidic acid in olive-kernel oil. 


TEA-SEED OIL.’ 


(See also pp. 69.) This oil, obtained from the seeds of-the tea 
plant, Camellia theifera, has long been used in China as an edible oil, 
for burning, and for soap-making. It resembles olive oil in general 
characters and forms a solid elaidin. ‘Two varieties, Chinese and 
Assam, are recognised. Oil of Assam tea seed, grown in Java, ex- 


1 Zeit. angew. Chem., 1898, 84 
2 Schaedler, Technologie dec Hoste (1892) p. 579; J. Soc. Chem. Ind., 1894, 13, 79. , 
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amined by Itallie, was a pale yellow thin oil, having an acrid taste and 
composed of palmitin, olein, and linolin, with traces of volatile acids, 
lecithin and phytosterol. A plant, Camellia oleifera, closely allied to 
the tea plant, is largely cultivated in China for the sake of the pale 
bland oil obtained from its seeds, which is said to be a very good lub- 
ricant for delicate machinery. It is dangerous for use as a food, unless 
refined, owing to the presence of saponin. The seeds of the Japanese 
Camellia japonica also yield an oil which is said to excel as a lubricant. 


II. RAPE OIL GROUP. 


Black Mustard Seed Oil. Radish Seed Oil. 

Eruca Sativa Seed Oil. Rape Oil (Colza Oil). 
Indian Mustard Seed Oil. Ravison Oil. 

Jamba Oil. White Mustard Seed Oil. 


BLACK MUSTARD OIL. WHITE MUSTARD OIL. 


(See also p. 69.) These oils, obtained, respectively, from the seeds 
of Brassica (Sinapis) nigra and Brassica (Sinapis) alba, resemble 
rape oil in composition and general characters. ‘The resemblance is 
closest in the case of white mustard oil, that of black mustard being 
higher than rape oil in sp. gr. and iodine value. A sample of crude 
mustard-husk oil (by-product from the manufacture of mustard 
from black and white seed mixed) examined by Archbutt gave the 
following results: 


SIO Bea HERES ES,“ sua lthey oe el= elaiutr, .nibiagas Massey On age 0.9203 

WASCOSIEV a Lad SINS Coe oe cictele @ cinran a Sateen a Se ree Practically the same as 
: ‘ that of rape oil. 

S A OMMICALLON AY Alle ceeters sts antares ele een ae nee 173.1 

lodinetvalue (Wis) sine. - some one as ee ene 116.9 

Wnsaponttiabler matter - naan eee eee eee B28 

Breen @lele) tacid.s (C7... tarceee ntica tas aan ee 3.6 

Maumené thermal test (50 grm. oil + ro c.c. ro 

TSO). (so g 97% 75 


A sample of mustard-husk oil examined by Hehner and Mitchell 
gave 1.5% of brominated glyceride insoluble in ether. 

Mustard oil is used for soap-making, burning, and lubricating. 
In drying properties it resembles rape oil, and contains arachidic 
acid (See p. 316.) 


1Archbutt. J. Soc. Chem. Ind., 1898, 17, 1009. 
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INDIAN MUSTARD OIL. 


(See also p. 69.) Two samples of this oil, from the seeds of 
of Brassica juncea, a plant closely allied to B. nigra, were examined by 
Crossley and Le Sueur? and gave the results stated below. The oil is 
clear yellow in colour, and is largely used in India as an article of food 
and also medicinally. The first sample was from Bombay, variety 
“mustard,” the second from Bengal, variety ‘‘rai.”’ 


: j pate Butyro | Optical | 
Sp. gr. | SaPoni-| Iodine |Reichert-| Hehner | (seconds) |tefractom-| activity | Free 
1s.5° | fication) value Meissl value | of soc.c. | eter de- | in 200 | (oleic) 
value value | at yo° F. | grees at mm. acid ,% 
Redwood 40° tube 
} } | 
0.9206 180.1 | 108.29 0.89 nee SOa. Ri Ot mentee Vee cist 0.94 
0.9158 Ly awt 101.82 Ons 95-49 | 379.3 | 60.0 — 18’ I.79 


ERUCA SATIVA SEED OIL.’ 


(See also p. 69.) This oil is obtained from the seeds of a plant 
closely allied to the mustards, extensively cultivated in India, and is 
used there for burning and to some extent as a food. It is yellow in 
colour and has an odour of turnip or mustard. Crossley and Le 
Sueur describe it as a non-drying oil, but it probably resembles rape oil 
in this respect, as it does in general physical and chemical characters. 
The three samples examined gave results as follows: 


Efflux 2 
Pica Butyro | Optical 
Sp. gr. | S4POni- | Todine Reichert-| Hehner | (seconds) |tefractom-} activity | Free 
1s.5° | fication | Value Meissl value | of soc.c, | eter de- | in 200 | (oleic) 
F value value at 70° F. | gteesat mm. | acid, % 
Redwood | 4° tube 
{ 
0.9152 169.0 97-41 O.It 405.8 59.2 ay 0.93 
0.9165 174.1 99.10 On77. Pa 369.4 aioe —18 0.63 
0.9177 170.4 99.72 0.66 95-49 371.0 ara ae Oaks 0.53 


RADISH SEED OIL. 


(See also p. 69.) This oil is obtained from the seeds of Raphanus 
sativus, or oil-radish. It resembles rape seed oil, and is used for the 
same purposes. 


i J. Soc. Chem. Ind., 1898, 1'7, 992. 
ieee and Le Sueur. J. Soe. Chem. Ind., 1898, 1'7, 992. 
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RAPE OIL. COLZA OIL. 


(See also p. 69.) This oil is obtained from the seeds of several 
varieties of Brassica campestris, of the order Cruciferz, cultivated ex- 
tensively in France, Germany, Austria-Hungary, Roumania, S. Russia, 
India, China, and Japan. The oils yielded by the different varieties 
of seed, though botanically quite distinct, are similar in their chief 
physical and chemical characters, and are not distinguished com- 
mercially, being all sold as rape or colza oil.? 

Rape oil is obtained from the crushed seed by expression or by ex- 
traction with solvents. The crude oil is yellowish-brown or brownish- 
green in colour, has a peculiar odour and somewhat pungent taste, 
and contains foreign matters which separate to some extent by keeping 
the oil, but cannot be wholly removed by passive treatment. ‘These 
lessen the combustibility, cause much smoke during the burning, and 
also tend to promote decomposition of the oil, with liberation of free 
acid. To remove them, the crude or ‘‘brown rape oil” is usually re- 
fined by agitating it, while warm, with from o.5 to 1.5% of strong 
sulphuric acid; and after the foreign matters and suspended acid have 
subsided, the oil is washed by agitation with steam and hot water. 
This process is simple and rapid, but it has the disadvantage that 
some hydrolysis of the esters takes place, increasing the amount 
of free fatty acid in the oil, which is detrimental to it as a lubricant; 
the refined oil is also liable to retain traces of free sulphuric acid. Rape 
oil intended for use as a lubricant is, therefore, preferably refined with 
fuller’s earth. Refined rape oil is pale yellow in colour and has a 
characteristic taste and smell. 

The following results were obtained with a consignment of Chinese 
rape seed oil, before and after refining on a large scale. 


Crude Refined 
Soh LU ae Vn on ene ee aio me Thy ge cr mat, vor 0.9146 0.91 
Saponification value.......... id: See Cee 172 : é 171 eA af 
IROCORES AE EO SAS BRCM a aA GMs oo om ota beg he TOt $i IOI.o 
Maumené thermal valucsaneacw: cco ceniie cee eee 58.7° 57.8° 
Wasaponitiable matter. Opnene seus ee eee oe 1.65 I.20 
Brees (CLIC) acidul, amscminrasvetteten ety Can Reena eres 0.4 Teal 


eee Ss eee 


1 For further particulars see Archbutt and Deeley. Lubrication and Lubricants, 107. 
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Rape oil stands between drying and non-drying oils. It does not 
thicken readily when heated and exposed to the air, and yet gives but 
an imperfectly solid elaidin with nitrous acid. In non-drying charac- 
teristics it is decidedly inferior to olive oil, but owing to its usually lower 
price, freedom from excess of acidity, and less tendency to decompose 
and become rancid, it is extensively used in admixture with mineral 
oils for engine and machinery lubrication, especially on railways. 
As an illuminant for railway carriages it has been almost superseded 
by gas and electricity, but it is still used very largely as a burning oil 
for other railway lamps and miners’ safety lamps. 

Rape oil has been found to contain esters of rapic and erucic acids,* 
but the high iodine value of the oil points to the presence also of an 
acid or acids of the linolic or linolenic series. Esters of saturated 
fatty acids occur in very small proportion? and include arachidic and, 
probably, lignoceric acids. Ponzio3 found 0.4% of arachidic acid in 
one sample. Alén4 found arachidic acid in the oil from Guzerat seed, 
but not in that from the European varieties. ArchbuttS found 1.43% 
of arachidic (and lignoceric) acids in rape oil extracted by means of 
ether from Guzerat seed, and 1.14% in commercial (Stettin) rape oil 
expressed from rape and rubsen seed. Of 51 samples of commercial 
rape oil which were specially examined by Renard’s process, about two- 
thirds were found to contain arachidic acid. Indian rape oil from B. 
glauca seems to contain more of this acid than the European oil, and 
the extracted oil more than the expressed oil; of the latter, the cold- 
pressed oil probably contains less than the hot-pressed. 

Rape oil and other oils from the Crucifere are commonly stated to 
contain sulphur compounds and to give rise to silver sulphide on 
treating their ethereal solutions with a few drops of solution of silver 
nitrate in alcohol. If the oil is boiled with a 10% solution of pure 
potassium hydroxide, an immersed silver coin becomes blackened. 
Sulphur is present sometimes, but is accidental. 

According to Schaedler, rape oil solidifies at — 2° to —10°; but Holde 
states that all rape oils sooner or later solidify at o°. The following 
experiment was made by Archbutt. Some genuine refined rape oil 
was placed in a glass tube, immersed in melting ice for 3.hours without 


1 Reimer and Will (Ber., 1886, 19, 3320) found in some casks of old rape oil, a tallow-like 
deposit consisting of di-erucin. 
2 Tolman and Munson found from a trace to 1.43% of solid fatty acids in 4 samples of 
rape oil, oe Muter’s ogee 
hem., 1893, 48, 487.: 
anaes Kemisk Ti skrift, 1893, 179. 
5 Jour. Soc. Chem. Ind., 1898, 17, 1009. 
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stirring, and then for 3 hours longer, stirring at intervals. It re- 
mained clear and fluid. Some of the same oil, previously frozen, 
having been added, the oil was kept in ice for 3 hours longer, with 
occasional stirring, but the frozen oil slowly melted. The temperature 
was then gradually reduced to —10 to —9°, and the oil became very 
turbid, but after remaining for 2 hours at this temperature, with 
stirring, it did not lose its fluidity. After still further reducing the 
temperature to —11.6°, and stirring, the oil solidified in about half an 
hour. 

The chief physical and chemical constants of rape oil are given on 
p. 69, and the oleo-refractometer value on p. 44. Some constants of 
a number of Indian crude rape oils expressed from different varieties 
of pure seeds have been determined by Crossley and Le Sueur? and 
are given in the table on p. 126. The following results by Archbutt 
were obtained with rape oil extracted from the seed by ether in the 
laboratory: 


Yellow Brown 
Guzerat seed|Calcutta seed aay seed 


oil oil 


SP. Bl. At 15.5... eee eee eee eee eee 0.9133 ©.9146 ©.gI40 
Sapomication valueless: scsi 175.0 174.2 174.5 
Hodinetyalwe ete btsch ace cles aeons 97-8 102.7 99.6 


The following are some observed data from the mixed fatty acids 
of rape oil: 


Observer 
= 
Sp. gr. at 99°/5.5°. Ae iails ate cee eee Barer 0.8438 Allen. 
SRC As ae log) E Tol een int SUR RRD Ory S 0.8758 Archbutt. 
Solidifying-point } { COMZS OU. eee ee I2.7-13.6 | Lewkowitsch. 
(titer test) TAPE OMS were Oren meters Ma Ir.7-12.2 | Lewkowitsch. 
Retractivetdexiat OC Eek Wien aera I.4991 Thoerner. 
Todine value of mixed fatty acids.............. 6.3-105.6 | Various. 
Iodine value of liquid Tathy acids sense ita eee T24.2-125.5) Tortelli and 
| 120.7 Ruggeri. 
' Wallenstein and 
Finck. 


ee ee 
1]. Soc. Chem. Ind., 1898, 17, 989. 
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Assay of Commercial Rape Oil.—Owing to the enormous extent 
to which rape oil is used for lubricating and burning, the estimation 
of free acid is of great importance (sée under ‘Olive Oil,” p. 110). 
The method is described on p. 9. 

According to Archbutt and Deeley, commercial refined rape oil 
contains on an average about 2.2% of free acid calculated as oleic acid, 
ranging from 1% to about 6%, but seldom exceeding 4%. 378 
samples, all representing large contracts, gave the following results: 


Number of samples Free (oleic) acid, % 
122 Tab to: 1-9 
223 2.0 tO 2.9 
30 3.0 to 3.9 
3 4.010 5.7 
378 Average, 2.21% ; 


It is evident from these figures that carefully refined rape oil should 
not contain more than 3% of total acidity. The traces of free sulphuric 
acid in 3 samples of rape oil refined with this acid were determined and 
found to range from 0.0026 to 0.0056%, from which it is concluded 
that the percentage of free mineral acid in refined rape oil should not 
exceed 0.006% of H,SO,, which is equivalent to 0.035% of oleic acid. 

Rape oil is subject to numerous adulterations, the more important 
of which can be detected with tolerable certainty. 


1 Lubrication and Lubricants, p. 211. 
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The sp. gr. of genuine rape oil averages 0.915 at 15.5°. Of 52 
samples examined by Archbutt,! 7 had sp. gr. below 0.9140, 27 above 
0.9139 and below o.g150, and 18 above o.g149 and below 0.9160. 
The lowest was 0.9132 and the highest 0.9159. 30 samples of brown 
rape oil, known to be genuine, examined by Sir Boverton Redwood, 
ranged in sp. gr. from 0.9145 to 0.9154, the average being 0.9149. 
The 7 samples of crude oil examined by Crossley and Le Sueur given 
on page 126 ranged in sp. gr. from 0.9142 to 0.9171, but from the 
abnormally high viscosity and low iodine value of the latter sample, 
it would appear to have become oxidised. 358 samples of the com- 
mercial oil more recently examined by Archbutt gave the following 
results: 


Number of samples 


Oe OLS OLOLO LOLs Om mates Odea sucks. er ciekcu neat ateiene liars 13 
OAKS MOY OnCRAOG o Goce bo gn PODARIN GHW One oeD OU Ome 241 
OsORKS) WOOP OS acidity aS US cutee o dic clea 103 
OR OL OO yateny eer ase crete tatora cele ase ls son ayoue bly cue ae ee aie I 

358 


The average sp. gr. was 0.9147. The experience of Allen con- 
firmed the results of Archbutt and Redwood, so that o.g160 may be 
regarded as the maximum sp. gr. for genuine rape oil at 15.5°. North 
German (Baltic) rape oil is usually somewhat heavier and less pure 
than the French and Belgian products. ‘The seed crushed in England, 
imported from the East Indies and all parts of Europe, gives an oil 
varying in sp. gr. from 0.9136 to0.916. Black Sea rape (ravison) oil is 
an inferior, more strongly drying oil than that expressed from culti- 
vated rape seed, and its presence in rape oil must, therefore, be re- 
garded as adulteration. 

The sp. gr. of rape oil is a valuable indication of its purity, as all the 
ordinary adulterants are heavier than the genuine oil, with the excep- 
tion of mineral oil and sperm oil, which can be detected and estimated 
with accuracy by methods described on pp. 21 and 81. Foreign seed 
oils of more or less drying character, as sesame, sunflower, niger-seed, 
hempseed, cottonseed, or linseed oil, or possibly cocoanut olein, all 
range between 0.920 and 0.937. Hence, if the sample has a sp. gr. 


1]. Soc. Chem. Ind., 1886, 5, 310. 
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of 0.918, it may possibly contain even 50% of these oils, while the smell 
and colour will be little affected. Seed and nut oils deteriorate rape oil 
by increasing its gumming properties, with the exception of arachis oil 
and cocoanut olein, and the addition of either of these is improbable. 
Arachis oil could be detected as in olive oil (page 117), due allowance 
being made for the arachidic acid naturally present in rape oil itself 
(see p. 123), and cocoanut olein would be indicated by the raised 
saponification value and reduced iodine value of the sample. 

The viscosity of rape oil is a valuable indication of its purity, as it 
is moderately constant and exceeds that of any oil likely to be used as 
an adulterant. The sample should always be compared with a speci- 
men of rape oil known to be genuine, or with pure glycerol diluted to 
1.226 sp. gr. which at 15.5° has the same viscosity as average rape oil. 
The time of efflux of 50 c.c. from Redwood’s viscometer at 70° F. 
should not be less than 370 seconds, and ranges from this up to about 
415 seconds.t The number 464.6 recorded by Crossley and Le Sueur 
for Bombay rape oil is exceptionally high. The lowered viscosity of 
an adulterated oil could be corrected by the addition of castor or blown 
oil, but these would raise the sp. gr. and acetyl value. Heavy mineral 
oil would be found in the unsaponifiable matter. 

The saponification value of genuine rape oil ranges from 170.0 to 
175.0. A value in excess of 175.0 would indicate the presence of ra- 
vision or other more strongly drying oil. A lower value than 170.0 
would indicate the presence of an unsaponifiable oil or sperm oil, or 
both. Refined rape oil has been frequently adulterated with a specially 
purified mineral oil. This addition interferes with the burning 
qualities of the oil, causing it to smoke and form much deposit on the 
wick, 

The zodine value of rape oil ranges from 97 to 105%, being slightly 
less than that of cotton or sesame oil, and considerably below that of 
the more strongly drying oils. This test is useful for the detection of 
ravison oil, which has a higher iodine value than rape oil.? 

The Maumené thermal value, or rise of temperature on mixing 
genuine rape oil (50 grm.) with sulphuric acid (10 c.c.) containing 
97% Of H,SO,, ranges from about 58° to 63°. An abnormally high 


1 These num inst : : : 
or ea bers refer to an instrument which delivers 50 c.c. of water at 70° F, in 25.74 


2Milrath (Zeitsch. éffentl. Chem., 1 i i i 
ee ne -» 1907, Ig, 371) obtained the following results with 3 
samp of Papa rape oil: Sp. gr., 0.9138 to 0.9155; refraction at 25°, 67.7 to 67.9; 
Zé , 59.7 to 59.8; acid value, 3.1 to 7.2; saponification value, 173.1 to 174.3; iodine value, 
106.9 to 108.2, These are exceptionally high iodine values. 
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result indicates ravison or other more strongly drying oil, and a low 
figure indicates mineral or sperm oil. “Hehner and Mitchell’s bromine 
thermal test (p. 60) may be used for the same purpose. 

The melting and solidifying-points of the mixed fatty acids 
of rape oil are raised by cottonseed and lowered by many other oils, 
such as ravison, linseed, or fish oils. 

The unsaponifiable matter should not exceed 2%. In the expressed 
oil it is usually near 1%, but in rape oil extracted from the seed by 
petroleum spirit some allowance must be made for residual hydrocar- 
bons. If more than 2% of unsaponifiable matter be found, it should 
be purified by resaponification; and if still in excess of 2%, the purified 
product should be further examined to ascertain whether mineral or 
rosin oil, cholesterol from animal oils, or wax alcohols from sperm oil 
are present, In genuine rape oil, the unsaponifiable matter consists 
mainly of phytosterol. 

A simple and useful owidation test may be made by exposing r grm. 
of the sample on a watch-glass to the air in a water-oven at 100° for 
about 16 hours, side by side with a sample of known purity; both 
samples being contained in watch-glasses of the same curvature. On 
examining the condition of the oils when cold, genuine rape oil of the 
best quality for lubricating will be found to be still quite fluid when 
caused to flow by inclining the glass, and will not have dried; inferior 
samples will have dried at the edges or have crept up and formed dry 
spots on the sides of the glass, and most rape oils will have thickened 
more or less considerably. Livache’s test may also be used. 

An abnormally low sp. gr. and viscosity of extracted rape oil is 
sometimes due to incomplete expulsion of the petroleum spirit used 
in the extraction process. Such oil will have an abnormally low 
flashing-point. When tested in the Pensky-Martens or Gray closed-test 
apparatus, normal rape oil usually flashes at 410° to 450° F. (210° to 
232°). The writer has occasionally met with samples of extracted oil 
flashing at 180° F. and losing about 1% in weight in 1 hour when 1 grm. 
of the oil was heated in a platinum dish in the water-oven. 

Valenta’s acetic acid test (p. 62) gives very characteristic indica- 
tions in the case of rape oil and may be found useful in certain 
cases. 

Halphen’s colour test for cottonseed oil and the furfural test 
for sesame oil should not be omitted. They may be relied upon to 
give negative indications with genuine rape oil. Both tests are very 
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delicate and must only be used as confirmatory evidence. The 
amount of foreign oil present must be calculated from the quantitative 
values. Press-bags which have been used for cottonseed and after- 
ward for rape seed may be the cause of traces of colour in Halphen’s 
test. 

Ravison and cottonseed oils are two of the commonest adulterants 
of rape oil. Both raise the sp. gr., saponification value and Maumené 
thermal value, and lower the viscosity. Ravison oil raises the iodine 
value, and lowers the m. p. of the fatty acids. Cottonseed oil does not 
appreciably affect the iodine value of the oil, but it raises the iodine 
value of the liquid fatty acids and raises also the m. p. of the oil and of 
its mixed fatty acids. Cottonseed oil can only be added to refined rape 
oil; if added to the crude oil, it causes it to become red when refined 
with sulphuric acid. Both ravison and cottonseed oils are more 
strongly drying oils than rape. 

Linseed oil is a very objectionable adulterant of rape oil. It may 
be added before refining or by crushing the seeds together. It causes 
such a marked effect in raising the sp. gr., iodine value, thermal values 
with sulphuric acid and bromine, in lowering the viscosity of the oil 
and the m. p. of the mixed fatty acids, and in increasing the tendency 
of the oil to oxidize, that even a small admixture cannot fail to be de- 
tected. Linseed oil and fish oils are especially identified by means of 
Hehner and Mitchell’s bromo-glyceride test. 

Fish oils are recognisable by their peculiar taste and odour on 
warming, also by the colourations developed with caustic soda and sul- 
phuric acid. They lower the viscosity in a marked degree, and affect 
the quantitative values much in the same way as linseed oil. Train oil 
is said to be best detected by agitating roo drops of the oil with 1 of 
sulphuric acid, when the depth of the red colouration will follow the 
proportion of the adulterant present. 

Hedge-mustard oil may be used for adulterating rape oil, which it 
closely resembles. The most characteristic test is said to be the 
production of a green colour when the oil is treated with a quantity of 
alcoholic potash insufficient for complete saponification, and the 
filtered liquor strongly acidified with hydrochloric acid. 


JAMBA OIL. 


The oil described under this name in the table on p. 69 isa kind of 
rape oil which is occasionally exported from Kurrachi. It closely 
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resembles ordinary rape oil, but according to Lewkowitsch: behaves 
abnormally when an attempt is made to convert it into thickened or 
“blown oil.” 


BLACK SEA RAPE OIL. RAVISON OIL. 


Oil expressed from the wild rape seed of the Black Sea district, 
largely exported from Odessa, known as ravison oil, is inferior in 
quality to, and cheaper than ordinary rape oil. It hasa higher sp. gr., 
higher saponification and iodine values, lower viscosity, and more 
strongly marked drying properties than ordinary rape oil. The un- 
acknowledged admixture of this oil with rape must, therefore, be re- 
garded as adulteration. To prevent any possible dispute, it should 
be definitely excluded in contracts for rape oil. The chief physical 
and chemical characters of a few samples of this oil are shown in the 
following table: 


SDRC LACE L SAG AON eRe tute aches oe 0.9175 to 0.9217 
Saponmicati omevalverayiy 1 ieys ct ef-s cts eho 177 to 181.3 
Modine: vale sscaroch ish oes 4-1 oie tee Pe I0g to 122 


Maumené thermal value............... 
WASCOSIt ViRE tithe mE ts helekak cv-okclsleteintena ages 


66° to: 762 
About 6 to 13% lower than that of re- 
fined rape oil. 


° 
I0o 
0.880 


Sp. gr. of mixed fatty acids at 


Io0o 


III. COTTONSEED OIL GROUP. 


Beechnut Oil. 
Brazil-nut Oil. 
Cameline Oil. 
Cottonseed Oil. 
Cress Seed Oil. 


Wheat Oil. 


Madia Oil. 

Maize Oil. 
Pumpkin Seed Oil. 
Sesame Oil. 

Soja Bean Oil. 


BEECH OIL. BEECHNUT OIL. 


(See also p. 70.) 


fruit of the common or red beech tree, Fagus sylvatica. 


This oil is obtained from the kernels of the 


It has a clear 


yellow colour, a peculiar odour, and faint flavour; when freshly drawn 


it has an acrid flavour, which disappears in time. 
It does not readily become rancid. 


for cooking and as an illuminant. 


1 Oils, Fats and Waxes, II, 221. 


It is used in France 
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BRAZIL-NUT OIL. 


(See also p. 70). This oil is obtained from the Brazil nuts of 
commerce, the produce of Bertholletia excelsa, a tree which flourishes 
in northern Brazil and Venezuela. It is a pale yellow oil, odourless 
and of pleasant taste, but easily turning rancid. It is used for culinary 
purposes when fresh, also for burning and soap-making. 


CAMELINE OIL. GERMAN SESAME OIL. 


(See also p. 70.) This oil is obtained from the seeds of Camelina 
sativa (Myagrum sativum), ‘Gold of Pleasure,” a plant of the order 
Crucifere. According to Schaedler, it has a golden yellow colour, a 
sharp, peculiar taste and smell, and dries slowly. Itis used for burning 
and for making soft soap. The cold-pressed oil is sometimes also 
used as an edible oil. Cameline oil is said to be used as an adulterant 
of rape oil, but would be readily detected by its higher sp. gr., iodine 
value and Maumené value. It is liable to be contained in linseed oil 
from East Indian seed, and may account for the low iodine value and 
inferior drying properties of some samples of that oil. 


COTTONSEED OIL. 


(See page 70.) Cottonseed oil is now expressed in enormous 
quantities in the United States, on the continent of Europe, and in 
Great Britain, from the seeds of the different varieties of the cotton 
plant.? 

Crude cottonseed oil has a sp. gr. ranging from 0.916 to 0.930. 
It contains in solution, often to the extent of 1%, a,characteristic colour- 
ing matter, which gives it a ruby-red colour, sometimes so intense as to 
appear nearly black. The crude oil gives a bright red colouration 
with strong sulphuric acid (page 41). The soap from crude cottonseed 
oil rapidly oxidises on exposure to air with production of a fine purple 
or violet-blue colouration. This test is characteristic. The col- 


1 Lewkowitsch, Technology of Oils, II, 43. 
: 7) es Oils, Fats and aacene II, 143. 
ottonseed blue”’ is stated by Kuhlmann to have the composition of Ci7 Hea Ou. It is 
Si paleee readily destroyed by oxidising agents; insoluble in water, diluted acids, and 
alkalies; sparingly soluble in carbon disulphide and chloroform, but more teadily in alcohol 
and ether; and dissolves with purple colour in strong sulphuric acid. The unoxidised 
colouring matter of cottonseed oil has been examined by J. Longmore, who, in a communica- 
“and See po ne 58 - a pangons golden: yellow product, insoluble in water, 
3 kaline solutions, and precipitated from th iti 
ofacids. It dyes well and perfectly fast on both woul niet silk, See 
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ouring matter causes the oil to produce stains, and it is removed by 
agitating the crude oil at the ordinary temperature with 10 to 15% of 
solution of sodium hydroxide of 1.06 sp. gr. when the alkali combines 
with the colouring matter and the free fatty acids of the oil. The 
mixture becomes filled with black flocks which deposit on standing,* 
and leave the oil but slightly coloured. Theloss from refining is usually 
from 4 to 7.5%, but occasionally amounts to 12 or 15. Hence it is 
desirable, before purchasing crude cottonseed oil for refining, to ascer- 
tain by a laboratory experiment what the percentage of loss is likely to 
be. Frequently the treatment with alkali is only carried far enough to 
remove the greater part of the colouring matter, the oil being then 
boiled with a solution of bleaching powder and subsequently treated 
with dilute sulphuric acid. This method of treatment is economical, 
but the oil acquires an unpleasant taste and smell which cannot be re- 
moved. Hence chemical bleaching cannot be used for the oil which is 
required for edible purposes. 

Refined cottonseed oil is of a straw or golden-yellow colour, or 
occasionally nearly colourless. The sp. gr. usually ranges from 
0.922 to 0.926 and the solidifying point from 1° to 10°. By subjection 
to cold and pressure a certain proportion of “stearine”’ is separated, 
the m. p. of the residual oil being correspondingly lowered. This 
refined oil is usually almost free from acid, and, when properly pre- 
pared, is of pleasant taste. It is extensively employed for edible 
and culinary purposes. It is now substituted for olive oil in some 
of the liniments of the United Siates Pharmacopeia, but its principal 
applications are in soap-making and the manufacture of factitious 
buiter. 

The solid esters of cottonseed oil consist mainly of palmitin, with a 
little stearin, the liquid contains olein and linolin. 

Cottonseed oil is characterised by the high m. p. of its mixed fatty 
acids (38°) and by the colour tests described below. In the elaidin 
test it gives an orange-coloured semi-fluid mass. It is not itself very 
liable to sophistication, owing to its cheapness, but it is frequently em- 
ployed to adulterate other oils. Most oils likely to be added to cotton- 


1 The deposit thus formed, consisting of colouring and albuminous matters, alkali, and 
partially saponified oil, is technically called “mucilage.”’ It is decomposed with a slight 
excess of acid, and the resulting dark-coloured grease is heated to a temperature of 120° 
(250° F.) with concentrated sulphuric acid, which renders insoluble the colouring matters, 
etc., while the impure fatty acids rise to the surface. On distilling these with superheated 
steam, a mixture of fatty acids is obtained, which is separated into stearic and oleic acids 
by pressure. The “cottonseed stearin’’ thus obtained is employed for making soap and 
composite candles and for various adulterations. 
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seed oil would lower the m. p. of the fatty acids, linseed oil and whale 
oil would be found by Hehner and Mitchell’s bromo-glyceride test. 
For the detection of maize oil see under “‘ Maize Oil.” 

For the detection of cottonseed oil in other oils, Halphen’s colour 
test generally suffices, and a determination of the sp. gr., iodine value, 
Maumené thermal test, and melting- or solidifying-point of the mixed 
fatty acids will generally enable the proportion present in a mixture to 
be determined. 

The unsaponifiable matter is usually near to 1% and contains 
phytosterol. The rise of temperature of 50 grm. of the oil with ro c.c. 
of sulphuric acid (97% H,SO,) is about 75° to 81°. The viscosity at 
15.5° is about 3/4 that of refined rape oil at the same temperature. 

The following are some observed analytical data from the mixed 
fatty acids of cottonseed oil: 


Observer 
S05 am chs WR Oyen ere Aa pdoumednookaane ox | 0.8467 Allen. 
SP Skaat OOOO? jee hoe Am hse ae 0.8816 Archbutt. 


Solidifying-point (titer test).................-| 35 .6°-37.6° 
32.2°-32.7° 2 
| 33 .3°-34.1° 3 Lewkowitsch. 


34-49-35 .2° ? 

28 .19°-28 5° 3 | | 
Reiractivenindex atiOOci a monn aeet nein I.4460 Thoerner. 
Iodine value of mixed fatty acids ........... ETI-LEO Various. 
Iodine value of liquid fatty acids............ ; 42-752 Various. 


Cottonseed stearin (cotton oil stearin) (see p. 133) is, properly 
speaking, the solid fat separated from cottonseed oil by cooling and 
pressing. It is a pale yellow fat, of butter-like consistency, and 
largely employed for the manufacture of butter substitutes. The 
article known in commerce as “cottonseed stearin” is usually impure 
Stearic acid from cottonseed oil, obtained by the method given in the 
foot-note on page 133. The crude oil expressed from decorticated 
cottonseed is sometimes very rancid and semi-solid at the ordinary 
temperature from the separation of solid fatty acids in the free state. 
By pressure it would eld a. product similar to that obtained by 
distillation. 


1 Natural refined oil. 
2 Partly ‘“‘demargarinated”’ oils, 
3 Winter oil. 
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Colour Tests for Cottonseed Oil. 


Halphen’s Colour Test.'—If cottonseed oil or oil containing it is 
heated with carbon disulphide, sulphur, and amyl alcohol, a character- 
istic red is produced, the intensity of which is not the same with all 
samples of cottonseed oil, but with the same sample is proportional to 
the quantity of cottonseed oil present. In making this test, 3 c.c. of 
the oil, 3 c.c. of amyl alcohol, and 3 c.c. of a 1% solution of sulphur 
in carbon disulphide are mixed in a small test-tube and heated in a 
bath of boiling water. With as little as 5% of cottonseed oil present, 
a distinct red is developed in from 15 to 30 minutes; the colour is 
more intense and more rapidly produced the greater the proportion 
of cottonseed oil. Less than 5% can be detected by longer heating, 
and especially if the colour is compared with that given by a pure 
sample of oil. This indication is not quite characteristic of cotton- 
seed oil, but is given also by kapok and baobab oils,? to detect which 
Milliau recommends the following procedure: The oil is saponified 
and the mixed fatty acids are liberated, washed, and dried. 5 c.c. of 
the melted acids are mixed with 5 c.c. of a 1% solution of silver 
nitrate in absolute alcohol, shaken cold and allowed to stand. The 
presence of even 1% of kapok and baobab oils are said to cause a 
dark brown colouration after 20 minutes, while cottonseed oil causes 
no reduction until the mixture is warmed. 

The nature of the chromogenetic substance in cottonseed oil is not 
known, but it is rapidly destroyed by heating the oil to 250°. Raikow3 
says heating with open steam has no effect, but superheated steam or 
simple heating to between 210° and 220° quickly destroys, and heating 

.to 150° for several hours very gradually destroys, the active agent. 
This has been confirmed by others. The heated oil becomes darkened 
in colour and acquires a disagreeable flavour, hence would be less 
likely to be mixed with an edible oil or fat than with a lubricating oil. 
Fischer and Payne have also shown that cottonseed oil is rendered in- 
sensitive to the test by treatment with chlorine or sulphurous acid.4 
Hence a negative reaction in Halphen’s test does not prove the absence 
of cottonseed oil, and a pink colour must not be considered a proof of 
its presence, unless the quantitative reactions afford evidence in sup- 
port. It has been shown that the fat of animals which have been fed 


17, Pharm. Chim., 1897, 6, (9), 390. 
2Milliau. Compt. rend., 1904,139, 807. 
3 Chem. Zeit., 1899, 23, 1025. 

4 Zeitsch. Nahr. Genussm., 1905, 9, 81. 
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on cottonseed cake may give the colour indications of cottonseed oil. 
Thus lard from the fat of pigs, and butter from the milk of cows fed 
on cottonseed cake may give the test and yet be quite free from 
cottonseed oil. 

Silver Nitrate Test.—This test, originated by Bechi,t depends upon 
the presence in cottonseed oil of a substance which gives a brown 
precipitate with silver nitrate. It may be applied to the oil or to the 
mixed fatty acids therefrom. Several modifications are in use. The 
method recommended by an Italian Government Commission in 
1887,? which is substantially that of Bechi, requires the two following 
reagents: 

A. Silver nitrate, r grm.; alcohol (98% by volume) 200 c.c.; ether, 
40 C.C.; nitric acid, o.1 grm. 

B. Amyl alcohol, 100 c.c.; rape oil, 15 c.c. 

ro c.c. of the oil to be examined are mixed in a test-tube with 1 c.c. 
of reagent A, and then shaken with 10 c.c. of reagent B. The mixture 
is next divided into two equal portions, one of which is immersed in 
boiling water for 15 minutes. The heated sample is then removed from 
the water-bath, and its colour compared with the unheated half. 
Presence of cottonseed oil is indicated by the reddish-brown colouration 
of the heated portion. Only the purest alcohol should be used, and 
the rape oil used should be “cold drawn,” and only slightly coloured; 
it should be filtered in a hot-water oven before preparing the reagent. 
To guard against errors from impurity of the materials, a blank test 
should be instituted side by side with the actual test. 

The part played by the rape oil in this test is explained, according 
to Bechi, by the fact that whereas fresh cottonseed oils give the silver 
nitrate indication without rape oil, old and rancid samples or their 
mixed fatty acids do not interact unless this oil be added. Many 
chemists consider the addition of rape oil unnecessary. Thus, in the 
official method of the Swiss Society of Analysts? a single reagent is used, 
which is prepared by dissolving 1 grm. of silver nitrate in 5 c.c. of 
water, adding 200 c.c. of alcohol, 40 c.c. of ether and o.1 c.c. of nitric 
acid (1.42). 1oc.c. of the oil are heated for 15 minutes in boiling water 
with 3 c.c. of this reagent, and it is said that 1% of cottonseed oil, if 
present, will be detected. Petkow,4 who recommends this method, 


1 Chem, Zeit., 11, 1328. 

2 See Analyst, 1887, 12, 170. 

3 J. Suisse de Chim. et Pharm., 35, 448. 
4 Zeit. offenil. Chem., 1907, 13, 21. 
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states that the sensitiveness of Bechi’s test depends upon the relative 
amount of silver nitrate used. 

Milliau? prefers to operate upon the mixed fatty acids, but in pre- 
paring these regard must be had to the fact that prolonged heating of 
the acids at 100° or washing them by boiling with water must be 
avoided, as both cause a loss of the reacting body.? 

This is probably the reason why some chemists have concluded 
that Milliau’s test is less delicate than Bechi’s. The following is the 
method of procedure récommended by Archbutt: Approximately 5 
grm. of the oil are saponified, and the fatty acids are liberated from the 
soap solution by dilute sulphuric acid in a separating funnel and dis- 
solved by shaking with about 70 c.c. of ether. The ethereal solution, 
after drawing off the aqueous liquid, is well washed with small quanti- 
ties of cold water and poured through a dry filter into a dry flask. 
The ether is distilled off, and the fatty acids are heated on the steam 
bath for about 5 to ro minutes to drive off the remaining traces of 
ether and water, and at once dissolved by pouring 20 c.c. of absolute 
alcohol into the flask. The solution is transferred to a 1-in. diameter 
test-tube and raised to boiling, then 2 c.c. of a 30% aqueous solution of 
silver nitrate are added and the test-tube is shaken and held over a 
white tile. In the presence of 5% of cottonseed oil a characteristic 
brown turbidity is produced almost immediately. If there be no im- 
mediate colouration, the solution is kept under observation for a 
minute or two at boiling heat by moving the tube to and fro from the 
tile to the flame, and if only 2% of cottonseed oil be present a distinct 
brown colouration will be obtained, though more slowly developed. 

This test has been examined by a large number of chemists and is 
known to be given only by cottonseed, kapok, and baobab oils. To 
distinguish the two latter from cottonseed oil, see under ‘‘ Halphen’s 
Colour Test.”” Some genuine rape oils appear to reduce the silver 
nitrate very slightly, but the reaction takes place slowly and the colour 
produced is blackish, while with cottonseed oil it is brown. It has 
also been observed that some olive oils give a brown colour in Bechi’s 
test. Fats which have been exposed to the air or have become rancid 
may reduce the silver solution owing to the presence of aldehydic 
compounds. Thus Bevan found that lard which had been exposed 
to the air for some days gave Bechi’s test, while some taken from the 


17, Amer. Chem. Soc., 1893, 15, 153. F 
2 Archbutt and Deeley. ubrication and Lubricants, p. 290. 


3 Analyst, 1894, 19, 88. 
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interior of the mass had no reducing property. It has also been shown 
that genuine butter and lard from animals fed on cottonseed oil may 
give this reaction. On the other hand, Bechi’s test, like Halphen’s, 
is not given by cottonseed oil which has been heated to 250°, and all 
cottonseed oils do not respond to the test to the same extent. There- 
fore, this test is no more certain than Halphen’s and can only be used 
as an auxiliary to the quantitative reactions. 

It should be noted that Tortelli and Ruggeri! state that by applying 
this test to the fatty acids from the lead soaps soluble in ether, cotton- 
seed oil which has been heated to 250° long enough not to respond to 
the ordinary test may still be detected. 5 grm. of the oil are saponified 
with 30 c.c. of alcoholic potassium hydroxide (60 grm. of the hydroxide 
in 1000 c.c. of 90% alcohol), the solution exactly neutralised with 10% 
acetic acid and poured in a thin stream into a hot solution about 300 
c.c. In volume containing 5 grm. of lead acetate. The washed and 
dried lead soaps are warmed for about 20 minutes with anhydrous 
ether under a reflux condenser, and the ethereal solution, when cold, is 
filtered into a separating funnel and decomposed by shaking with 
dilute hydrochloric acid. After separating the aqueous liquid and 
well washing the ethereal solution with cold water, the ether is dis- 
tilled off and the residual fatty acids are dissolved in 10 c.c. of 90% 
alcohol and 1 c.c. of a 5% aqueous solution of silver nitrate. The 
liquid is transferred to a test-tube and placed in water at 70° to 80°. 
It is stated that 1% of cottonseed oil can be detected in olive oil by 
heating for 2 minutes, and by heating for several hours 10% of oil 
which had been heated to 250° for 20 minutes could still be 
detected. 

Nitric Acid Test.—This test is given in the form recommended 
by Lewkowitsch.2, A few c.c. of the oil are vigorously shaken in 
the cold with an equal volume of nitric acid of sp. gr. 1.375 and then 
allowed to stand. Cottonseed oil gives an immediate coffee-brown 
colouration, which becomes very intense on standing, and mixtures of 
other oils with cottonseed give a similar brown colour. Stronger acid 
gives less definite results. The only advantage this test has over 
Halphen’s test is that the brown colour is still given by cottonseed oil 
which has been heated so as to no longer respond to the latter test; on 
the other hand, Lewkowitsch states that he has met with many Ameri- 


1 Annali. dil. Laboratoria. Chim. de Gabelle. 
? Oils, Fats and Waxes, II, 163. pe ne ea ape 
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can cottonseed oils which have given with nitric acid such a faint 
colouration that 10% of these in olive oil could not be detected. 

In applying this test to a sample of oil, the colour obtained should be 
compared with that given under the same conditions with a pure 
sample of the same kind of oil, and this pure sample should, if possible, 
be an oil of the same commercial variety as the one under test. Mix- 
tures of the oil with different proportions of cottonseed oil should 
also be tested. The test is most useful in the case of olive oil, most 
samples of which, when pure, are scarcely altered in colour by the 
nitric acid, or at the most give a light brownish-green or brownish- 
yellow colour on standing. But there are some olive oils which give 
a darker brown and yet give no other indication of the presence of 
cottonseed oil. It must also be borne in mind that many genuine rape 
oils give a brown colour with nitric acid, one such sample tested by the 
writer when mixed with olive oil in the proportion of 20% gave a brown 
colour in forty minutes which could not be distinguished from the 
colour given by 20% of cottonseed oil. Coste and Shelbourne’? have 
thrown doubt upon this test for cottonseed oil in neat’s-foot oil, as some 
pure samples of the latter also gave a brown colour on standing. It is, 
therefore, evident that great caution and much experience is needed in 
drawing conclusions from the result of this test, which may nevertheless 
prove useful in certain cases. 


CRESS SEED OIL. 


(See p. 70.) This oil is obtained from the seed of the garden cress, 
Lepidium sativum. It has a brownish-yellow or orange colour, and 
peculiar disagreeable smell. It is used for burning and soap-making 
(Schaedler). 


MADIA OIL. 
(See p. 70.) This oil is obtained from the seeds of Madia sativa, a 
native of Chili. It has a deep yellow colour and dries slowly. It is 
used for burning and soap-making. 


MAIZE OIL. CORN OIL. 


(See also p. 70.) Maize oil is expressed from the fruit germs or 
embryos of maize or Indian corn, Zea mais, which are separated from 
the grain in the manufacture of starch or after malting. The oil has a 


1]. Soc. Chem. Ind., 1903, 22, 778. 
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pale yellow or golden-yellow colour and an odour of maize meal or 
malt. It is a semi-drying oil, rather more strongly drying than cotton- 
seed oil,! but much less so than linseed oil. It is, therefore, unsuitable 
either for lubricating or for mixing with paint. It is used to some ex- 
tent as an edible oil and for burning, but its proper use is for soap- 
making. It makes an excellent soft soap, pale, and as free as can be 
from objectionable odour. 

The sp. gr. of maize oil ranges from o.g21 to 0.928 at 15.5°. It 
solidifies at — 10° (Schaedler) ; below — 20° (Smith?) ; — 36° (Hopkins’) ; 
but deposits solid fat on standing, even at the ordinary temperature 
(Lewkowitsch4). It dissolves in 50 volumes of absolute alcohol at 
16°. The absolute viscosity at 15.6° is 0.7895 (viscosity of cottonseed 
oil, 0.82 to o.g1). The oil does not form a solid elaidin. In 
Maumené’s test, the rise of temperature ranges from about 81 to 89°. 

Maize oil is chiefly composed of olein and linolin, with a small pro- 
portion of saturated esters.© The high Reichert value, 4:2, found by 
Vulte and Gibson’ proves the presence of volatile acids, and may help 
in the detection of maize oil in mixtures. The unsaponifiable matter 
ranges from about 1.4 to 1.7% and contains, according to Gill and 
Tufts,® sitosterol, the acetate of which melts at 127.1°. As the phytos- 
terol acetate prepared from cottonseed oil phytosterol was found to 
melt at 120° to 121°, Gill and Tufts have proposed to make use of this 
difference for the detection of maize oil in cottonseed oil. From 1.1 
to 1.5% of lecithin has been found in maize oil. 

Maize oil is more likely to be used as an adulterant of other oils than 
to be itself adulterated. It gives no colouration with Halphen’s 
reagent or with furfural; the presence of cottonseed oil or sesame oil 
could, therefore, readily be detected, unless the cottonseed oil had been 
heated. In the latter case, the raised m. p. and solidifying-point 
(titer test) of the mixed fatty acids would indicate cottonseed oil. 
Fish oils would be indicated by the bromoglyceride test and the 
odour on warming the sample. 


The following are some data obtained by examination of the mixed 
fatty acids from maize oil: 


1 Archbutt, J. Soc. Chem. Ind., 1899, 18 6. 
2 J. Soc. Chem. Ind., 1892, 11, Baan Us 


: 31. 
5 Archbutt, J. Soc. Chem. Ind., 1899, 18, 346. 
8 J. Amer, Chem. Soc., 1898, 20, eae B38 
7]. Amer. Chem. Soc., 1900, 22, 453. 

8J. Amer. Chem. Soc., 1903, 25, 251. 
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Observer 
Pe Ab TOO cos) ees ie mma apes 0.8529 Winfield. 
plitertestt ate rash ae ain cee eae ere IQ. Lewkowitsch. 
Todinetvalucuceme-c: acon a se oe II2-129 
Iodine value of the liquid fatty acids .... 136-144 


PUMPKIN-SEED OIL. 


(See p. 70.) This oil is largely used for culinary purposes in 
Austria and Hungary, and ranks there next to olive oil in price. It is 
obtained from the seeds of the common gourd or pumpkin, Cucurbita 
pepo. ‘The cold-expressed ofl prepared by Podat was greenish, with 
faint red fluorescence; that prepared by roasting and subsequent hot 
expression, as on a commercial scale, was brownish-green with deep 
red fluorescence. It easily becomes rancid, and has considerable 
drying properties. As a result of the examination of several com- 
mercial samples, as well as of genuine samples expressed by himself, 
Poda gives the following limits for the genuine oil: 


SP OE eye sloeee elses See ene ei teacher reeset Gustahet ee ©.923 0.925 
TOCING S Vale A otn.< aac tsausietiaraeacues onde operons ees 122.76 —130.68 
Saponiticationyvaluemane. Haste ae eer 188.4 —190.2 
Butyro-refractometer, PS elt sich t CME Ge? 2 ORO 72a 
M. p. of fatty acids, commenced.............. 26.5 —28.5 
IMS p. Oltattysacids, ended icnanul.craciteern 28.4 =—29.8 


Linseed, sesame, cottonseed, and rape oils are said to be used as 
adulterants. 


SESAME OIL. TEEL OIL. GINGILI OIL. 


(See p. 70). Sesame oil, sometimes called benne oil, but distinct 
from the oil of ben or behen, is pale yellow, usually of a deeper hue 
than almond oil, nearly odourless, and has a bland and agreeable taste. 
That expressed from the seeds congeals at about —5°, but that ex- 
tracted by solvents at about +5°. It is used as an edible oil, in cookery, 
and in the manufacture of margarine, it being compulsory in Germany 
and Austria to add 10% of it to butter substitutes to facilitate their 
detection when used to adulterate butter. In Belgium, 5% must be 
added (Lewkowitsch). Sesame oil is used in pharmacy and perfum- 
ery, for soap-making, and for adulterating almond and olive oils. It 


1 Zeitsch, Nahr. Genussm., 1898, 625. 
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is also commonly mixed with arachis oil. It dries more strongly than 
rape oil, but much less than cottonseed oil, and does not readily turn 
rancid. ‘German sesame oil’? is a name sometimes given to camel- 
ine oil. 

Sesame oil contains olein, linolin, palmitin, and stearin, but its com- 
position is not fully known. The unsaponifiable constituents, amount- 
ing to about 1.0 to 1.4% (Lewkowitsch), include phytosterol, 0.2 to 
0.5% of a strongly dextrorotatory substance, ‘‘sesamin,” and a phe- 
nolic body, ‘‘sesamol,” which gives a brilliant red colouration with 
furfural and hydrochloric acid, by means of which sesame oil can be 
identified. Sesamol exists in the oil as a complex compound, from 
which it is liberated by an acid.t 

Sesame oil is dextrorotatory, and in the absence of castor, croton, 
and rosin oils, this property may assist in its detection. The following 
observations have been published: 


Rotation in 200 mm. tube at 13° to 15° 


SG OREN | Lo ordas co oonn os oLacr $3.2 LO O20 
Ralcusin, 344 Samples. tee seen eer tees St On tna ed 
WitZ-4. 2 samples ma ceekente an eae ae +O. | tO; a0 
Sprinkmeyer and Wagner,5 3 samples..... “i502 10) -ba42 


The chief physical and chemical constants of this oil are given on 
page 70 and the oleo-refractometer value on page 45. 
The mixed fatty acids have given the following figures: 


| Observer 
i . : { 21.2°-22.9° Lewkowitsch. 
Solidifying-point (titer test)................ | 22 .9°-23 .5° Lewkowitsch. 
rw 23 . 79-23 .8° Lewkowitsch, 
Refractive Index tatiOOO ve tase seat eee 1.4461 Thoerner. 
Iodine value of mixed fatty acids........... Iog-112 | a 
Iodine value of liquid fatty acids .......... 126-140 f Various: 


a a 


1 Compare Villavecchia and Fabris, Zeit. an ; i 
c , Zett. angew. Chem., 1893, 17, 505; Bomer, Zeit. Nahr. 
OR Se th Kreis, Chem. mee 1903; 27, zene and 1904, 28, 956; Canzoneri and 
5 ita, 1903, 33, 253; and Malagnini i, . Zett. 

EAC lin. seas, oe 3 gnini and Armanni, Chem. Zeit., 1907, 31, 884. 

3’ Chem. Zeit., 1906, 30, 143. 

4 Pharm. Zeit.. 45, 490. 

5 Zeit. Nahr. Genussm., 1905, 10, 347. 
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Comparative examinations of African, Indian, and Levantine ses- 
ame oils have been published by Utz! and by Sprinkmeyer and 
Wagner,? some of whose results are collected in the following table: 


African | Indian Levantine 
— 7 : 
U S. & W., Veeis te WU. iSi-& Ww; 
| | 
DDE Cte eS? ak hia pie: VCR OOOHOF Uso tben.oe Kopopaney|| Shea cae ORG 22 ner ae 
Rotation, 200 mm., 15°; +1.6° |+1.42° | +1.4°] +1.03°/+0.8° | +13.11° 
Butyro-refractometer de-| 67.5 69.2 66.2 | 68.2 | 67.0 68.0 
grees, 25° | 
Butyro-refractometer de-| 509.5 | ...... BS Zilles BQ a0 a lees ator eass 
grees, 40° | | 
Todines valet. ate ser LOO RS ae see 104.8 | 108.31 |107.7 | 108.84 
Mp. of mixed fatty-acids BAO ees 2A 2—| Pose. | 24 OSA ee 
i (O2A OOF a) Meret DAL OO eeaaie Pets fe eee ee 
Butyro-refractometer de- jee || bolo amit Selogy |) ome cs 6 PASE RE | SBR ene 
grees of ‘ mixed fatty 
acids, 25° > | 
Butyro-retractometer de-| 45.0 | ...... Ch TS eee oe ADT oul deere. 
grees of mixed fatty 
acids, 40° 
Iodine value of liquid) -...... 2 Tell capa 10 Cas 126.3 


fatty acids | 


Utz found that African oil gave the strongest furfural and stannous 
chloride reactions, and Indian the weakest. 

The iodine values of 37 samples of sesame oil pressed from seeds of 
various origins were found by Wijs to range from 106.1 to 116.8; the 
oils from the “‘second pressings’”’ gave values ranging from 105.2 to 
110.3, and the “third pressings” from 103.9 to 109.8.3 


Colour Tests. 


Furfuraldehyde Test.—Sesame oil contains a substance (‘‘sesa- 
mol,’”’ see above) which produces a rose-red colouration when the oil 
is shaken with cane-sugar and hydrochloric acid (Camoin, Baudouin). 
o.1 grm. of cane-sugar is dissolved in 5 c.c. of cold hydrochloric acid 
(1.16), 10 c.c. of the oil are added, the tube is corked, shaken for ro 
minutes, and allowed to stand. If only 2% of sesame oil be present, 
the acid which separates will be pink. If 5% or more be present, the 

1 Pharm. Zeit., 45, 490. 


2 Zeit. Nahr. Genussm., 1905, 10, 347. 
3 Zeits. Nahr. Genussm., 1902, 5, II5O. 
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emulsion will become pink while being shaken. Villavecchia and 
Fabris found this colouration to be caused by furfural, produced by 
the action of the acid on the sugar, and they have modified the test 
by using a solution of furfural instead of sugar. As furfural itself 
gives a violet colouration with hydrochloric acid, a very small quantity 
only must be used. 

A 2% solution of furfural in alcohol is prepared. 0.1 c.c. of this 
solution is placed in a test-tube, 10 c.c. of hydrochloric acid (1.16) and 
to c.c. of the oil are added, the tube is then corked, shaken for half a 
minute and allowed to stand. If only 1% of sesame oil be present, the 
acid which separates has a pink colouration; with 5%, a strong rose- 
red colour is obtained. This test is recommended, as it is simpler 
than that with sugar, and half a minute’s shaking is quite sufficient. 
Wauters suggests pouring the oil on the reagent, and says that less than 
1% can be detected by a crimson colour at the point of contact. 

Lehnkering,' in examining a series of pure sesame oils, found some 
which, while of normal iodine value and refractive index, gave only 
feeble colours in the furfural test, not more than 1/10 as much colour 
as was given by the oils which reacted most strongly. Oils extracted 
from the seeds with ether gave colours ranging in intensity from 5 to 8 
on the same scale. 

Rancid oils may give a brownish tint in the Baudouin test, which will 
mask the reaction when only small amounts of sesame oil are present. 
Sprinkmeyer? found that rancid cottonseed oil containing sesame oil 
gave no red colour unless at least 17% of sesame oil were present. 
This shows the importance of using fresh cottonseed oil in testing 
margarine, which, according to German law, must contain sufficient 
sesame oil to give a distinct red colouration when o.5 c.c. of the clear 
melted fat is mixed with 9.5 c.c. of cottonseed oil and shaken with 
hydrochloric acid and furfural as directed above. Kreis? states that 
rancid sesame oil gives a less intense colouration than fresh oil. Am- 
biihl obtained an indigo-blue colour in applying the Baudouin test 
to some old rancid sesame oil. Kreis+ thinks this must have been a 
mixture of the red colour due to furfural with the green colour obtained 
in Bishop’s test. Bishop’ found that fresh sesame oil gave no 
colour when shaken with 1.5 times its volume of hydrochloric acid 


1 Zeit. offentl. Chem., 1903, 6. 
2 Zeit. Nahr. Genussm., bck re nek 
3 Chem. Zeit., 1908, 23, 87. 
4Chem. Zeit., 1899, 23, 802. 
5]. Pharm. Chim., 1889, 20, 244. 
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(1.19), but if exposed to air and light for a few days it coloured the acid 
green. Oil which had been exposed for years coloured the acid almost 
blue, and a blue colouring matter separated on standing, the acid be- 
coming green again. This reaction may, therefore, modify the colour 
obtained in the Baudouin test with old sesame oils, but it is stated that 
the oil which separates from the green- or blue-coloured hydrochloric 
acid will give the red colour on being shaken with hydrochloric 
acid and furfural. 

Several observers have found that in applying the furfural test to 
certain olive oils of undoubted purity the acid liquid assumes a violet 
colouration after a short time; da Silva’ found Douro olive oil gave this 
colour. It has also been observed that some genuine Italian, Tunisian 
and Algerian olive oils give a rose colouration, similar to that produced 
by about 5% of sesame oil. According to Milliau, this is caused by a 
colouring matter derived from the aqueous part of the pulp of the fruit, 
and if the test be applied to the mixed fatty acids instead of to the 
original oil any possibility of error is obviated. Therefore, Milliau’s 
modification should be adopted in cases where doubt exists as to the 
cause of the colouration. 

Soltsein’s Test.—The oil is mixed with an equal volume of stan- 
nous chloride solution, German Pharmacopceia strength, shaken 
vigorously (once only), and placed in boiling water. A red coloura- 
tion is produced in the presence of sesame oil. This reaction is said 
to be more delicate than Baudouin’s, and to be specially applicable to 
butters and margarines artifically coloured with coal-tar dyes, which 
are reduced and rendered colourless. As the delicacy of the reaction 
is impaired if the liquids remain too long in contact without separating, 
Soltsein recommends diluting the oil with twice its volume of petroleum 
spirit, adding half the volume of stannous chloride, shaking well, and 
standing the tube in water at about 40°. 

Tocher’s Test.—15 c.c. of the oil are shaken for about 30 seconds 
with a freshly made, practically colourless solution of 1 grm. of pyro- 
gallol in 15 c.c. of concentrated hydrochloric acid (1.16). The 
aqueous liquid is drawn off through a wet filter-paper and heated 
for 15 minutes on a water-bath. In the presence of sesame oil it be- 
comes coloured reddish-purple, appearing red by transmitted, and blue 
by reflected light. ‘The test is very delicate, and will readily detect 2% 


1 Bull. Soc. Chim., 1898, 19, 88. 
2 Villavecchia and Fabris, Zeit. angew. Chem., 1892, 509. 
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of sesame oil in rape or olive oil. Bellier says this reaction is not given 
by certain genuine olive oils which give a red colour in the furfural 
test.* 

Adulteration with rape oil would lower the sp. gr. and saponification 
value of sesame oil and the melting- and solidifying-points of the fatty 
acids. 

Poppyseed oil would raise the iodine value and thermal tests, and 
also the refractometer numbers. It would lower the melting- and 
solidifying-points of the mixed fatty acids. 

Cottonseed oil, unless it has been altered by heating, would be in- 
dicated by Halphen’s test. It would raise the melting- and solidifying- 
points of the mixed fatty acids and would tend to raise the iodine 
value of the liquid fatty acids, sesame oil acids absorbing from 126.3 
to 139.9 and cottonseed oil acids from 141.9 to 151.7% of iodine. 
Cottonseed oil would increase the rise of temperature in the thermal 
tests. It would not materially alter the other values. The mixed 
fatty acids of cottonseed oil were found by Farnsteiner? to contain 
rather more linolic acid than those of sesame oil, he having obtained 
tetrabromides corresponding with 18.5% of linolic acid from the 
former and 12.6 to 15.8% from the latter. But a larger number of 
samples need investigating. 

Arachis otl would be detected and determined by isolating its 
arachidic acid. 


SOJA-BEAN OIL. 


This oil is obtained from soja or soy beans, the seeds of Soja japonica 
(Soja hispida), a plant native to China, Manchuria, Korea, and Japan, 
but also grown elsewhere. It has marked drying properties and, ac- 
cording to De Negri and Fabris, readily solidifies. The values on p. 
70 are based upon the results of Morawski and Stingl, De Negri and 
Fabris, and Shukoff. Four commercial samples of Chinese bean oil 
examined by Korentschewski and Zimmermann,3 one obtained direct 
from the factory in Kharbin, gave the following results, some of which 
are quite different from those previously recorded by the other ob- 
servers. The oil is described as dark brown, having a faint odour 
suggesting tung oil, and a bland taste. 

1 Ann. Chem. Anal., 1899, 4, 217. 


2 Zeit. Nahr. Genussm., 1899, 2, t. 
3Chem. Zett., 1905, 29, 777. ; 
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SD a ete at: USO emer aye cee «ites 0.9264 to 0.9287 
Solidifving-points ape metei as eae ee —14.6° to—15.3° 
Saponitica tlonkyal canna ener ti eie 207 .Q-212.6 
lene riva lucie eee reins arta nites 93 .6-94.28 
lloclinesvalucicnn sti Meee eer ta tee ane IT4.8-137.2 
NMaumencival nema ieee het te 102-1 16° 
ACID RVAlUCL vnainic tice eee oe ete eco 1.86-15.46 
Solidifying-point of mixed fatty acids............ 169-17 .3° 
Wise paOlinixed tatty acidsaeee ml arr tn meen ienrr 20°—21° 


A sample of the crude commercial oil extracted from the beans in 
this country, examined by the reviser, in August, 1908, had a yellowish- 
brown colour, a somewhat pungent odour suggestive of crude mustard 
or rape oil, and gave the following results: 


SS Der OE sath E516 Onn datiuancns ccregeuskern race meteiereastene ater seer 0.9254 
Solidification-pointas.m.ne cue ee enn aca — 10° 
Saponificationuval ues sues desea nie oer ae 184.0 
Todine value Me etercorcse si cise ieee eae er eee 119.9% 
a PWen's (CESE air stewics che) oven event che ae ere etecarsdeeciay renee Negative 


Soy beans are now being imported into Europe in large quantities 
from Manchuria, about 400,000 tons having been shipped to the 
United Kingdom during March to November, tg909. The beans con- 
tain about 17 to 18% of oil and, being rich in albuminoids and carbo- 
hydrates, have a high feeding value. The following further analyses 
by Archbutt show the character of the oil now being put on the market 
(1909). The oil is used for soap making. 


Unrefined Unrefined Refined 
See Cee DOO Oe Ee tater a) oseiate  laitha| sp-foxcaai 0.9256 0.9250 0.9226 
SOliGitication=pOlMts a. cje lars oae)= veel) -\o. —16° eer siete 
Saponification’ value\... occ... 1% 190.5 189.7 188.6 
MoOGIMEnVial VIA eth cc cneseeree ee seeirers ins 139.3 138.9 136.1 
Unsaponifiable matter, %........... 1.54 rs, -I.30 
Breen(Oleic) eacide opr cuecielsieierstrslonlei Pere 0.5 I.2 

WHEAT OIL. 


(See p. 70.) Wheat oil is obtained from the germs of wheat, 
Triticum, by extraction with petroleum spirit. A yellowish-brown 
oil is thus obtained, having an odour of wheat. It easily becomes 
rancid. Frankforter and Harding' found in this oil from 2.4 to 2.6% 


1], Amer. Chem. Soc., 1899, 21, 758. 
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of unsaponifiable matter which, as in the case of maize oil, contains 
sitosterol.t About 2% of lecithin was also found. The viscosity 
of the oil at 20° was 2.57 times that of rape oil at the same temperature. 
The refractive index at 20° was 1.4832. De Negri? obtained the 
following results from the mixed fatty acids: 


Solidifying=point.(: acs teers asset erecsiaste tle ye eeiskatainrsisiereaad 20.7 
Todinge alle. cbsoceshovs nseiaren as ae cabetst Per spetcia eapeeaiene 123.3 


IV. LINSEED OIL GROUP. 


Candle Nut Oil. Pine Nut Oil. 

Cedar Nut Oil. Poppyseed Oil. 
Hempseed Oil. Safflower Oil. 
Lallemantia Oil. Sunfiower Oil. 
Linseed Oil. Tung Oil. 

Niger Seed Oil. Walnut Oil. Nut Oil. 


CANDLE NUT OIL. 


(See also p. 70.) This oil is obtained from the seed-kernels of 
Aleurites moluccana (A. triloba), a tree which flourishes over the whole 
of the South Sea Islands. The cold-pressed oil is almost colourless, 
or slightly yellow, of an agreeable flavour and smell, and is used as an 
edible oil. ‘The hot-pressed oil has a brownish-yellow colour and 
unpleasant flavour, and is used for technical purposes.3 It dries less 
rapidly than linseed oil and is used for mixing paints and making oil- 
varnishes.4 It is obtainable in enormous quantities, and may be 
employed as an adulterant of linseed oil (Lewkowitschs). The 
published iodine and saponification values of this oil vary considerably, 
as is shown in the following table: 


1 Burian, Monatsh., 1897, 18, 55x. . 
2Chem. Zeit., 1898, 22, 976. 

3 Schaedler, Technologie der Fette, p. 663. 
4Spon’s Encyclopedia, IV, 1393. 

5 Technology of Oils, II, 69. 
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De Negri! | Lewkowitsch? | Kassler# | Fendler#) | ok 
SDAP SEMA OME SNL | le micuerevecte iene OEGZOA ORO ZODIEA eis Seer eal! re era eie 0.9254 | 0.9274 
SD ANT tH mS tb cu Vyeisrovess Seta CROs 0.9256 ORODABIIN ceicie ee en I ce 
Butyro-refractometer, 25° 1... |) etense see os TAT to ee |e Ea | Osea ari eeeit es 
Saponification value ...... 184a, 187.4b 192.6 189.5 194.8 |204.2 
Wodinejvaliieei, 5. ste. ease 136.3a, 139.3b 163.7 152.8 II4.2 |139-7 
Reichert=-Meiss] value. ...2:.)/| 2.0. denen Wee tetas Rheu ave = Nl" oatsvaore hap cear in|: Sere ses 
INCOR VALU lee Ne. tered ostetie Gitaia mon ee ORO am MEOMR esr Aste, ll ae ete. e0my || eta eiaieie 
Wnsaponitiable matter G5) carci snpstateltre bem limanctens Sorere eve OPS Sey wiles || fea etevere 
Mixed Fatty Acids. 
| 
Solidifying-point © soi. .e.s0.t T3o eakD I uckierean artless F2s5° TS Se ae eet ee 
Solidifying-point (titer test)... ..... ¢ Fe SAY || yee ceeethe dl ee Keene Pe 4 3 7 2 eet eas 
Todine value wieeeses estes es Ua Fay DAS ED lietalers Guareiereuete 1I57<8 the hae oll wotteccee 
Iodine value of liquid fatty | 
CICS Maman ee PIR DPW Fee ee 8 TiVO SA ml Ghent meccteek | nemo s 
Extracted Extracted Oilfrom | Extract-) Extract- 
from the seeds} from kernels Fiji ed by | ed from 
by (a) petro-| of nuts of A. ether the  ker- 
leum spirit, (b)| moluccana from nels of 
ether. (South Sea seeds of | Chinese 
Islands). | A. moluc- : 
cana_ | triloba. 
\from the 
| Came- 
roons. | 


Walker and Warburton® obtained from 7.28 to 8.21% of brominated 
glycerides by Hehner and Mitchell’s process from the sample examined 


by Lewkowitsch. 


A sample of the commercial oil, described as Lumbang oil, recently 
examined by the reviser, was light brown in colour, had an unpleasant 
and somewhat pungent odour, and gave the following results: 


Sp. gr. at 15.5° 


Saponification value 


Iodine value 


meme meme eee esr ar ere ewer se eee nece 


The oil dried nearly as rapidly as linseed oil, and had about half 


the viscosity of rape oil 


Ne AL 


It contained 23.6% of free (oleic) 


acid. The saponification and iodine values agree with those observed 
by Lewkowitsch and Kassler. 


CEDAR NUT OIL.. 


(See p. 70.) The commercial oil is expressed from the seeds of 
the Siberian cedar, Pinus cembra; it is golden-yellow, and of agreeable, 


though somewhat rancid taste. 


1 Oesterr. Chem. Zeit., 1898, 
2 Technology of Oils, II, 67. 


Ty 202. 


3 Seifenseider Zeit.; Farben-Zeit., 1903, 8, 359. 
4 Zeit. Nahr. Genussm., 1903, 1025. 
5 Bull. Imp. Inst., 1907, 5, 135. 


6 Analyst, 1902, 27, 237. 


It contains the glycerides of linolic 
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and oleic acids, the former predominating, a very little linolenic acid 
is also present; among the solid fatty acids palmitic acid has been 
identified, and there is also present a considerable proportion of 
volatile fatty acids. 

A specimen of this oil examined by von Schmoelling™ gave the 
following results: 


F Mixed fatty 

CH acids 
Gla PatUR ERS mab oomnocopet mocoocogc sl” ©3030," ih seme eee 
Solidifyine-points sue eyetva tapes cick si oiel pores ole varie eee II.3° 
Swelojabiiverietlad VEvMOS -hocogguoonaeanogennue LOLS oN seco 
Lodinet value: (Waller) ire a. irertee oes oleate ae y' 159.2 161.3 
TE lanes 2 elite ereha clas emia niduads 6 tae nabip opt QESO7 Wiese aver 
Wolatile tattyracids rs err) < oclscstenayelstclebslersleeietegs EP i AMed MNioGuoros oe? 
MreetattyiacidS se. se.2 ine nisin oo saree iat TAOO. ) . Alcrewive tae 
Neutralization valuesaas so: 2: ae ccs «ie ote fetes aletecst sl Meibisie elite rae 193.0 
Unsaponifiable matter, %.. digo grs sree Tg" 9 AM Sctsihcaeee 
Maumené test(Archbutt’ s method)... scdv lin tent ch vas peas O8O" Ny sastauctenate 
Maicquiditattyiacids"o,) (vLuter.semebnod )hrasteletrl lett thea ater 87.0 
Todine value of liquid fatty acids = as Pnenyan cele ere nace 184.0 


Cedar nut oil is used in Siberia as an edible oil, and is said to be 
technically of value as a fairly rapid drying oil of pale colour. Von 
Schmoelling states, however, that the “varnish” produced by heating 
the oil with 5% of manganese borate for 4 hours to 140° or 150° took 
twice as long to dry on glass as linseed oil varnish similarly prepared, 
and the product was very viscid and resembled a blown oil. The 
last-mentioned characteristic, together with the high price of the oil 
would, he thinks, prevent it from being used in the manufacture of 
varnish. 


HEMPSEED OIL. 


(See also p. 70.) This oil is obtained from the seeds of the hemp 
plant, Cannabis sativa. The expressed oil is at first greenish- or 
brownish-yellow, deepening in colour on exposure to the air. It 
consists of the esters of liquid and solid fatty acids, the former composed 
approximately, according to Hazura and Griissner, of 70% of linolic, 
15% of linolenic and isolinolenic and 15% of oleic acids; the solid 
fatty acids are said to be palmitic and oleic. 

Hempseed oil has a high iodine value and is a strongly drying oil, 
though it dries less rapidly than linseed oil. It is used for making 

1 Chem. Zeit., 1900, 24, 815. 
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paints and varnishes, and as an adulterant of linseed oil; also for 
making soft soaps. 


Observer 
IMIAMIMORE ESE trates aidele secre eerie 95°-96° De Negris and 
: Fabris. 
Miter test ot mixed fatty acids .....-....+--. 15.6°-16.6° | Lewkowitsch. 


LALLEMANTIA OIL. 


(For constants see p. 70.) This oil, used in Russia as a lamp 
oil, is expressed from the seeds of Lallemantia iberica. It has excellent 
drying properties, and is not improbably used as a substitute for lin- 
seed oil. 


LINSEED OIL. 


(See special article, p. 323.) 


NIGER SEED OIL. NIGER OIL. 


(For constants see p. 70.) The seeds of Guizotia oleifera, which 
grows wild on the Gold Coast of Africa and is cultivated in Abyssinia 
and many parts of India, yield this oil, some being expressed in 
England. It is a good drying oil, of yellow colour, sometimes used as a 
substitute for linseed oil. It is said to have been used as a substi- 
tute for sesame oil and castor oil, though it would be easily dis- 
tinguished from these oils. It has been employed as an adulterant 
of rape oil. Niger seed oil is said to contain but little stearic or palmitic 
acid, and hence soap made from it, though very white, is soft. A 
sample tested by the reviser gave a temperature-rise of 100° in Mau- 
mené’s test. The viscosity of the oil is about two-thirds that of rape 
Oil at. 60" to 7o° E= 


PINE NUT OIL. FIRSEED OIL. 


(For constants see p. 70.) Under this name are included the 
products of the nuts or seeds of different kinds of pine trees, such as 
Pinus sylvestris, P. abies, P. picea, etc. All have more or less pro- 
nounced drying characteristics and are used in the manufacture of paint 
and varnish. They probably differ a good deal from one another in 
chemical composition and properties. 
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POPPYSEED OIL. POPPY OIL. 


(For constants see p. 70.) This oil is expressed from the seeds of 
the opium poppy, Papaver somniferum, the yield ranging from about 41 
to about 50%, according to the variety. The seed is black, brown, 
yellow, or white, the latter being considered the richest. The plant 
is extensively cultivated in Egypt, Asia Minor, Persia, India, and 
China; it is also grown in France and Germany. 

The cold-drawn oil extracted by the first pressing (hwile blanche) 
is straw yellow in colour, limpid, and almost odourless; it has a pleasant 
almond-like flavour, and being slow to become rancid is largely used 
on the continent of Europe as a salad oil and also as an adulterant of 
olive oil. Owing to its drying properties and pale colour, which it 
retains, it is in demand for the manufacture of artists’ pigments, the 
sun-bleached oil being used for white pigments and the unbleached 
-but pale coloured oil for coloured pigments.t’ The inferior varieties 
of poppy oil, obtained by a second pressing (huile rouge) and from in- 
ferior seed, are used for soap-making and burning. 

In a sample of oil from genuine poppy-seed, Tolman and Munson 
found 6.67% of solid fatty acids. The liquid fatty acids were found 
by Hazura and Griissner? to consist, approximately, of oleic acid 30%, 
linolic acid 65%, linolenic and isolinolenic acid 5%. The calculated 
iodine value of such a mixture is 158, which approximates to the actual 
iodine value of the liquid fatty acids, found by Tortelli and Ruggeri 
to be 149.6 and by Tolman and Munson, 151.7. Hehner and 
Mitchell obtained no insoluble brominated glyceride from 4 samples of 
poppyseed oil. 

Utz3 has stated that practically all the commercial poppy oils 
examined by him contained more or less (up to 40%) of sesame oil, 
not added as an adulterant, sesame seed and oil being dearer than those 
of the poppy, but due to careless methods of manufacture, the two 
kinds of oil being expressed in the same works. The sesame oil is 
detected by its lower iodine value, and by the colour tests of Soltsein 
and Baudouin. Owing to this admixture, Utz believes the iodine 
value of genuine poppyseed oil, usually stated as 130 to 141, has been 
generally understated. The oil which he extracted by petroleum 
ether from three varieties of seed gave the following results: 

1Lotter, Chem, Zeit., 1894, 18, 1696. 


2 Monatsh. Chem., 1888, 9, 180. 
3 Chem, Zeit., 1903, 27, 1176. 
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A specimen of commercial poppy oil which probably contained less 
than 5% of sesame oil had an iodine value of 151.65, and another, 
which gave only faint indications of sesame oil by the colour tests, 
absorbed 150.63% of iodine. It may be mentioned, however, that 
Tolman and Munson obtained iodine values of 133.2 and 134.9 
from cold-drawn poppy oil expressed from seed which they state was 
identified as that of P. somnifera. 

Utz confirms Bishop’s statement that pure poppy oil is inactive, 
and suggests that the sample examined by Crossley and Le Sueur 
which had a rotation of +4’ may have contained sesame oil. 

The viscosity of poppyseed oil at 70° F. is about two-thirds that of 
refined rape oil at the same temperature. 4 samples tested by Crossley 
and Le Sueur required from 254 to 259 seconds for the outflow of 
50 c.c. from Redwood’s viscometer, water at 70° F. requiring 25.4 sec- 
onds from the same instrument. 

Other results for poppy oil are: 


| | Observer 
| 

Vita eN Cates tee mente cna cielo hos Men aaa as ete a 869-889 mH Archbutt. 

Sp. gr. of mixed fatty acids at 100°/100°.,.... 0.8886 Archbutt. 

Titer test of mixed fatty acids............... I5.4°-16.2° | Lewkowitsch. 


SAFFLOWER OIL. 


(For constants see p. 70.) Safflower or saffron oil is the product 
of the seeds of the safflower (saffron) plant, Carthamus tinctorius, which 
is being increasingly cultivated in the Caucasus and in Turkestan;? 
it was at one time extensively cultivated all over India, and is still 
grown to some extent in that country. The oil is obtained by expres- 
sion or extraction, the yield being about 20%. It has a pleasant 
taste, especially when obtained from the husked seeds, when it is of 


\Tylaikow. J. Soc. Chem. Ind., 1902, 21, 864. 
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better quality than that obtained from the unhusked seeds. It has a 
bright yellow colour, and a taste very similar to that of sunflower oil. 
It is a good drying oil. The viscosity of the samples examined by 
Crossley and Le Sueur? was about two-thirds that of refined rape oil, 
50 c.c. requiring from 243 to 294 seconds to flow from Redwood’s vis- 
cometer at 70°F. The same observers obtained butyro-refractometer 
readings at 40° from 65.2 to 68.2. 

According to Le Sueur,? the insoluble fatty acids of safflower oil 
consist of about 10% of solid acids (palmitic and stearic) and 90% of 
liquid fatty acids (oleic and linolic). No linolenic acid is present. 


SUNFLOWER OIL. 


(For constants see p. 70.) This oil is expressed from the seeds of 
the sunflower, Helianthus annuus, which is widely grown in southern 
Russia. The cold-pressed oil is pale yellow and of pleasant, mild 
taste and odour. It is used for culinary purposes, also as the vegetable 
oil in margarine, and has been detected as an adulterant of olive oil. 
Oil of the second pressing, which is more coloured, is used as a lamp 
oil, and in the manufacture of varnishes as a substitute for linseed oil, 
but it dries much more slowly than the latter. It is also used for soap- 
making. 

Sunflower oil contains the glycerides of palmitic, oleic, and linolic 
acids, and probably also of linolenic and isolinolenic acids in small 
proportion. Tolman and Munson obtained 3.67 and 4.10%, 
respectively, of solid fatty acids from 2 samples, which also gave the 
following results: iodine values, 108.3 and 104.1; iodine values of the 
liquid fatty acids, 117.8 and 113.8. Tortelli and Ruggeri found the 
iodine value of the liquid fatty acids 154.3, from a sample of oil which 
absorbed 137% of iodine. A sample examined by Jean3 contained 
0.72% of unsaponifiable matter. 


TUNG OIL. CHINESE WOOD OIL. JAPANESE WOOD OIL. 
WOOD OIL.+4 


(For constants see p. 70.) Tung oil is derived from the seeds of 
Aleurites cordata (Eleococca vernicia) a plant which is grown exten- 


17, Soc. Chem. Ind., 1898, 17, 932. 

2]. Soc. Chem. Ind., 1900, 19, 104. 

3 Ann. Chim. Anal., 1901, 6, 166. 

4The term ‘‘ wood oil’’ is also applied to Gurjun balsam, an oleoresin obtained from the 
East Indies. 
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sively in both China and Japan, also of A. fordiit and perhaps other 
species of Aleurites. The seeds contain 53% of oil, of which about 
40% is obtained by expression. 

Tung oil is either golden-yellow or dark brown in colour, according 
to whether it has been expressed in the cold or with the aid of heat, 
and it has, or develops on keeping; a somewhat pungent, peculiar 
odour, suggestive of bacon fat. It is the most powerful drying oil 
known, and is used extensively in China, the darker kind for caulking 
and varnishing junks, shop fronts, etc., and making putty, and the 
better sort for varnishing furniture. The light coloured oil of late 
years has been imported into Europe and America, chiefly from 
China, and used in the manufacture of lacquers and varnishes, though 
owing to the peculiar manner in which the oil dries, forming a film 
which is not transparent and elastic like that formed by linseed oil, 
but opaque and waxy looking, crumbling when rubbed, and to its 
property of gelatinising when heated to 250°, special treatment is 
necessary in using it. 

Tung oil is composed of the esters of fatty acids, 25% of which were 
found by Cloéz to consist of ordinary oleic acid and 75% of an acid to 
which he attributed the formula C,,H,.O0, and named eloemargaric 
acid, but which has been shown by Kametaka? to be a stereoisomeride 
of linolic acid, having the formula C,sH,,0,. Walker and War- 
burton obtained little or no (0.39% to nil) insoluble brominated 
glyceride by adding bromine to a solution of tung oil in ether and acetic 
acid. From 2 samples, Jenkins obtained 10.4 and 10.6%, respect- 
ively, of glycerol. 

Tung oil possesses the remarkable property of becoming polymerised 
by heating, a fact first observed by Cloéz. Jenkins? found that by heat- 
ing the oil to 250° for 2 hours in a closed flask, out of contact with the 
air, it became converted into a sticky elastic jelly. Another sample 
formed a hard, dry, elastic solid when similarly treated. In an investiga- 
tion of polymerised tung oil, Normann‘ found the saponification value 
of the polymerised oil only slightly lower than that of the original oil 
(190.5 compared with 195.5), while the neutralisation value of the 
liberated fatty acids was even less changed. ‘The iodine value of the 
fatty acids, however, was found to be ror.3 as compared with 162.4, 


1 Bull. Imp. Inst., 1907, 5, 134- 

27. Chem. Soc. Trans., 1903, 83, 1042. 
3 Analyst, 1898, 23, 113. 

4Chem Zeit., 1907, 31, 188. 
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and the molecular weight in benzene solution ascertained by the 
freezing-point method showed that while the fatty acids of the original 
oil have a molecular weight of 399.6 to 432.8, those of the polymerised 
oil gave values ranging from 554.4 to 699.6. Ina further experiment, 
in which the oil was heated for several hours in a sealed tube at 300 to 
320°, the iodine value of the fatty acids was reduced to 68.5 and ,the 
molecular weight increased to 852.0, showing that in this case poly- 
merisation had proceeded still further. Polymerised tung oil is 
insoluble in the usual solvents, and hence the molecular weight of the 
polymerized oil itself could not be determined. 

Iodine also has a remarkable action on this oil. Jenkins found 
that if a saturated solution of iodine in chloroform or carbon disulphide 
be dropped upon the oil it immediately solidifies it. Bromine has 
no such action. If 1 grm. of tung oil be dissolved in 5 c.c. of 
chloroform, mixed with 5 c.c. of a saturated solution of iodine in chloro- 
form and stirred, the whole may become suddenly converted into a 
jelly in afew seconds. Some samples take much longer, and may need 
gentle warming; some refuse to gelatinise unless a larger quantity 
(2 to 4 grm.) of the oil be taken. 

Tung oil dries very rapidly. o.5 grm. was exposed to the air in a 
water-oven at about 100° on a watch glass. In about 3 minutes a 
dry ring formed round the spot of oil, and in 3 hours the oil was dry 
throughout and had gained 1.56% in weight. Raw linseed oil 
similarly treated had just begun to dry at the edges in 3 hours, and had 
gained 0.92% in weight (Archbutt). 

5 grm. of tung oil stirred in the cold with 2 c.c. of carbon disulphide 
and 2 c.c. of sulphur chloride for 90 seconds suddenly stiffened to a 
thick and sticky jelly, not nearly so hard as the product obtained in a 
similar manner from either castor or linseed oil. 

In the elaidin test, Jenkins obtained a brownish-red product, 
consisting of an oily layer resting on a nearly solid portion. When 
stirred up, the whole would scarcely flow. 

In the Valenta test, using glacial acetic acid, Jenkins found the 
turbidity temperatures of two samples to be 44° and 47°, respectively. 

Strong sulphuric acid immediately solidifies tung oil, forming a 
black clot, but by mixing 10 grm. of the oil with 40 grm. of olive oil, 
Jenkins found it possible to measure the rise of temperature, and after 
making a correction for the heat developed by the olive oil obtained 


1Jenkins. J. Soc. Chem. Ind., 1897, 16, 195. 
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specific temperature reactions of 298 and 330 with two different 
samples. 

Nutric acid (1.4) rapidly converts tung oil into a tough mass, which 
darkens and becomes more brittle on standing. 

The viscosity seems to be very variable, possibly due to a partial 
polymerisation of some samples. Two samples tested by Jenkins 
required, respectively, 1433 and 858 seconds for the outflow of 50 c.c. 
from Redwood’s viscometer at 60° F. 

Halphen’s reaction for cottonseed oil gives no colouration with gen- 
uine samples of tung oil. 

Commercial samples of tung oil have been found to contain from 
0.44 to 0.74% of unsaponifiable matter and from 0.39 to 5.30% of 
free (oleic) acid. 

The mixed fatty acids have been found to solidify at 31.2 to 37.2° 
and to have an iodine value of 150 to 159. 

Tung oil is said to cause severe ulcers when brought into contact 
with the skin,t and its use in cosmetic and similar preparations (for 
which patents have been taken out) should be prohibited. 

Blakeman? has patented as a drying oil a mixture of 85 parts of a 
‘‘non-drying oil such as cottonseed oil” and 15 parts of tung oil mixed 
with a drier. 


WALNUT OIL. NUT OIL. 


(For constants see p. 70.) This oil is obtained by expression from 
the kernels of the walnut, Juglans regia, Which, if the nuts have been 
kept for 2 to 3 months after they have been gathered, yield from 63 to 
66%; if kept too long, the oil expressed from the kernels may be rancid. 

The first-expressed, ‘‘virgin,”’ oil is almost colourless, with faint 
odour and not unpleasant flavour; it is largely used in some parts of 
Europe as a substitute for olive oil for edible purposes. The second- 
pressed or ‘‘fire-drawn” oil is greenish-coloured, with an acrid flavour. 
Being an excellent drying oil, forming a varnish which is pale in colour 
and less liable to crack than linseed oil varnish, walnut oil is much used 
for preparing artists’ colours. It is also a good lamp oil, and can be 
used for making soft soap. 

Walnut oil contains the esters of myristic, lauric, oleic, linolic, ° 
linolenic and isolinolenic acids. According to Hazura and Griissner, 


1 Hertkorn. Chem, Zeit., 1903, 27, 635. 
2U. S. Patent, 767682, 1904. 
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80% of the liquid fatty acids consist of linolic acid, 13% of linolenic 
and isolinolenic acids, and 7% of oleic acid. The calculated iodine 
value of this mixture of liquid acids is 187 (Hehner and Mitchell); 
the iodine value of the liquid fatty acids determined by Tortelli and 
Ruggeri was found to be 166.8, the oil from which they were obtained 
having an iodine value of 148.9. 

5 samples of cold-pressed Bulgarian walnut oil examined by Petkow" 
gave results as follows: 


Syosset sth aie were mom eb Pane Mod Ais uo Fomine cic ¢ 0.9255-0.9260 
Refractometer reading, 40°................4-. 67-68 
Lodinepsvalue wae) wieeta eae Rr ete 147 .92-148 .43 


A sample from the Punjab examined by Crossley and Le Sueur gave 
a butyro-refractometer reading of 64.8 at 40°, and 50 c.c. required 
232 seconds to flow from Redwood’s viscometer at 70° F. 

A sample of black-walnut oil from J. nigra examined by Kebler? 
was a straw yellow coloured oil, having an agreeable walnut-like 
odour and taste, and gave the following results: 


Spi pri cat yE6O- ga ance + nvenaveiece alae ake euanspeae 0.9215 
heroilibecantert unbicdlatanee ace eae eee —12° 
Acid: Value 30.2 x saetoantiias ce ee opie ieee eae 8 .6-9.0 
Saponiiications value. ce eee ei ee ee eels I9QO.I-IQI.5 
Lodime Jvalwer.Je 8 oe. cet PAR sony re eee ae oe I4I.4-142.7 
Hehner \ values4 7 oss sane (ans eo ee nr pees 93-77 
Reichert-Vieiss! Ryaltiennne ewan DS Cc 

IM. ps Ob tatty Sacids earn. cn eiaak etertestoneen eee o° 


Confirmation of the high Reichert-Meissl value of this sample is re- 
quired, seeing that ordinary walnut oil has no Reichert-Meissl value. 

Walnut oil is liable to adulteration with other oils, most of which 
would lower the iodine value. Poppy oil would not appreciably alter 
the ordinary constants, and Bellier3 has proposed a test for this oil 
based upon the difference in solubility of the solid fatty acids in 70% 
alcohol at 17° to 19° in presence of a definite amount of potassium 
acetate. 1 c.c. of the oil is warmed in a test-tube with 5 c.c. of a solu- 
tion of 16 grm. potassium hydroxide in 100 c.c. of gt to 93% alcohol, 
until a clear solution is obtained, a similar test being simultaneously 
made with a walnut oil of known purity. The tubes are then closed 
and kept at about 70° for 30 minutes. A quantity of dilute acetic acid 
(x volume of glacial acetic acid and 3 volumes of water) exactly 


1 Zeit. Nahr. Genussm., 1901, 4, 828. 
2J. Frank. Inst., 1901, 151, "304. 
3Ann. Chim. Anal., 1905, 10, 52. 
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equivalent to the potassium hydroxide is added, and the tubes and 
contents are cooled, first to 25°, and then to 17° to 19° with frequent 
shaking. Under these conditions, pure walnut oil requires a much 
longer time to give even a small precipitate of fatty acids than an 
impure sample, while poppy oil speedily gives an abundant precipitate, 
and other oils also give a precipitate more quickly and in larger 
quantity than walnut oil. The test is said to be capable of detecting 
10% of poppy oil, and has been confirmed by Balavoine.? 

The difference in the yields of brominated glycerides insoluble in 
ether-acetic acid affords a means of detecting adulteration of walnut 
oil with oils which are not readily detected by other tests. From genu- 
ine walnut oil, Hehner and Mitchell obtained a yield of 1.5 to 1.9%; 
from poppy oil, none; and from linseed oil, 24 to 26%. 


V. CASTOR OIL GROUP. 


Castor Oil. Curcas Oil. 
Croton Oil. Grape-seed Oil. 


CASTOR OIL. 


(See also p. 71.) Castor oil is expressed from the seeds of Ricinus 
communis, of which it constitutes nearly half the weight. It is also 
prepared by extraction. Cold-pressed (“‘cold-drawn”’) oil of the 
first quality is used as a medicinal purgative, but the lower grades are 
largely employed for lubrication by the Indian and Cape railways, 
for the manufacture of Turkey-red oils, for soap-making and leather 
dressing. It does not readily dry on exposure to the air, nor does it 
easily turn rancid (Lewkowitsch). 

Castor oil is a transparent, colourless, or pale greenish-yellow liquid, 
having a faint odour and disagreeable taste. At a low temperature it 
thickens and deposits white granules, and at or about —18° it solidifies 
to a yellowish mass. 

Castor oil is distinguished in its physical characters from most other 
fixed oils by its high sp. gr. and viscosity, ready solubility in alcohol 
and insolubility in petroleum spirit. These characters are of value 
for the assay of commercial samples, and are described below. Castor 
oil is dextrorotatory. 23 samples of Indian castor oil examined by 
Deering and Redwood? in a Hofmann-Laurent polarimeter with 200 


1]. Soc. Chem. Ind., 1906, 25, 499. 
27. Soc. Chem. Ind., 1894, 13, 959. 
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mm. tube, caused a rotation ranging from +7.6° to +9.7°. Dowzard* 
gives +8° to +9°; Rakusin?+8° to +8.65°. Lythgoe$ found the opti- 
cal rotation of 44 samples of genuine castor oil to range from + 23. 4° to 
+26.1° (Ventzke, 200 mm., 20°); these numbers fall within the limits 
given by Deering and Redwood, whose values correspond with 
21.9° to 28° Ventzke. 

Castor oil consists mainly of triricinolein, the glyceride of two iso- 
meric hydroxylated acids, ricinoleic and isoricinoleic. Small quantities 
of tristearin and of the glyceride of dihydroxystearic acid are also pres- 
ent. Palmitin and olein are absent. Lewkowitsch4 points out that 
less saturated fatty acids than ricinoleic must also be present, otherwise 
the iodine value of castor oil would not exceed about 67. 

Crude Ricinoleic Acid, HC,sH,,0,, may be prepared from castor 
oil by the method employed for the preparation of oleic acid from oils; 
or castor oil may be saponified, and the soap fractionally precipitated 
with calcium chloride. The first third should be rejected. The later 
fractions are purified by crystallisation from alcohol, and decomposed 
by dilute hydrochloric acid. ; 

Ricinoleic acid is a thick oily liquid, which solidifies below o°. It is 
insoluble in water, but is miscible in all proportions with alcohol and 
ether. ‘The alcoholic solution has an acid reaction, an unpleasant, 
persistent, acrid taste, and does not oxidise in the air. Like oleic 
acid, it combines with the atoms of bromine, and by treatment with 
nitrous acid is gradually converted into a stereo-isomer, ricinelaidic 
acid, a body crystallising from alcohol in white needles, melting at 50°, 
and forming an additive compound with Br,. When heated with 
phosphorus, iodine, and water, ricinoleic acid yields an iodo-acid, 
which by the action of nascent hydrogen (hydrochloric acid and zinc) 
is converted into stearic acid. 

When distilled in a partial vacuum, ricinoleic acid yields enanthal 
or normal heptoic aldehyde, Cs5H,,.CHO, and an acid of the acrylic 
series, This behaviour. may be used for the detection of castor oil. 
For this purpose the sample should be saponified, and the fatty acids 
liberated and rapidly distilled in a small retort. The distillate is 
shaken with a saturated solution of acid sodium sulphite, the resultant 
crystals pressed, dissolved in a solution of sodium carbonate, and the 


1 Chemist and Druggist, 1901, 58, 325. 
2 Chem. Zeit., 1906, 30, 143. ie 
8]. Amer. Chem. Soc., 1905, 27, 888. 
4 Oils, Fats and Waxes, II, 326. 
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liquid distilled in a current of steam. The enanthal will collect on 
the surface of the distillate as a highly refractive liquid, of peculiar 
aromatic odour, boiling at 154°. Enanthal is also produced by sub- 
jecting the alkali-metal salts of ricinoleic acid to dry distillation, but 
if sodium hydroxide be present in addition, sodium sebacate is formed, 
and methyl-hexyl carbinol and methyl-hexyl ketone are found in the 
distillate. 

Ricinoleic acid forms a series of salts, many of which are soluble in, 
and may be crystallised from, alcohol or ether. 

The oleo-refractometer value of castor oil is given in the table on 
p. 44. The butyro-refractometer readings of the 44 samples examined 
by Lythgoe averaged 81.2 at 20°, and 78.1 at 25°, the variations from 
these numbers being slight and not exceeding +0.5. Lythgoe gives 
the values for each 0.5° from 15° to 35°. 

The following are some results of examination of the mixed fatty 
acids of castor oil (see also p. 71): 


Observer 

SPE AUR SiS Oe yale ores Sich be Umar Easin Suse ©.9509 | Allen. 
S Depo h OOo OOS ur.ceyenien meagre voepaclate 0.8960 Allen. 
Slohictiailateeo\ehl at ketene eo ot enim Sot om orn ace 3° Hiibl. 
Refractiveindex at60°. voces. 0.6s0+e0+ see 1.4546 | Thoerner. 
Iodine value of mixed fatty acids............ 87-88 
Iodine value of liquid fatty acids............ 106.9 Tortelli and 

Ruggeri. 


COMMERCIAL CASTOR OIL. 


The peculiar physical characters of pure castor oil distinguish it 
sharply from most other oils, but it is liable to adulteration with oils, 
such as cottonseed or rape oils, blown oils, rosin oil, etc., which may 
be lower in price, for the detection of which the following tests may be 
used. aes . 

The sp. gr. of genuine castor oil is exceptionally high, and should 
lie between 0.959 and 0.968 at 15.5°. Adulteration with any other 
natural fixed oil or mixture of oils would lower the sp. gr., and although 
this might be adjusted by the addition of rosin oil, which often has a 
sp. gr. as high as 0.998, the presence of the latter would be easily 
detected by an estimation of the wnsaponifiable matter, which in 

Vole. =13r 
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genuine castor oil is usually less than 0.7%. Blown rape or cotton- 
seed oil might be added without altering the sp. gr., and without 
causing any large increase of the unsaponifiable matter, but these oils 
would be detected by some of the following tests. 

The viscosity of castor oil at the ordinary temperature exceeds that of 
all other natural fixed oils, but is approached by that of rosin oil and 
may be exceeded by that of blown oil. Twenty-three samples of 
Indian castor oil tested by Deering and Redwood in the Redwood 
viscometer required from 1160 to 1190 seconds for the outflow of 
50 c.c. at 100° F. The absolute viscosity, determined by Archbutt 
and Deeley, was found to be 2.729 at 100° F., 0.605 at 150° F., and 
orioomi212 HS 

The solubility in alcohol of castor oil is greater than that of any 
oil likely to be used as an adulterant. Absolute alcohol dissolves 
castor oil in every proportion; 90% alcohol (sp. gr. 0.834) dissolves 
less, 1 volume of castor oil requiring from 2.4 to 2.94 volumes of 
90% alcohol at 20° according to experiments by Itallie,? or from 3 to 4 
volumes according to Dowzard.3 A genuine sample tested by Arch- 
butt dissolved perfectly in 2 volumes of 90% alcohol at 15°. 23 samples 
of Indian castor oils examined by Deering and Redwood were com- 
pletely soluble in 3 volumes of alcohol of sp. gr. 0.830 at 15.5°. From 
these results it appears that castor oil, if genuine, should dissolve 
completely in 3 volumes of 90% alcohol at 20°. It is usual, however, 
to employ 5 volumes of alcohol, as recommended in the British Phar- 
macopeeia. Archbutt and Deeley+ found that when only 5% of 
either rape, blown rape, cotton seed, poppy, maize, or curcas oils 
were mixed with castor oil, 5 volumes of 90% alcohol gave a strongly 
turbid mixture at 15°, which deposited a small quantity of oil on 
standing. The following test, originally recommended by Finkeners 
(who used a slightly stronger alcohol), may therefore be employed with 
confidence as a rapid method of assay: Measure exactly ro c.c. of 
castor oil in a graduated, stoppered test cylinder, add 50 c.c. of alcohol 
(sp. gr. 0.834) and well mix. If genuine, a clear and bright solution 
will be obtained at 15°. If as little as 5% of foreign oil be present, the 
liquid will remain strongly turbid, even on warming to 20°. Oleic 
acid would not be detected by the alcohol test, but it can be estimated 

> 


1 Lubrication and Lubricants, p. 167. 

2 Lewkowitsch, Oils, Fats and Waxes, II, 330. 
8 J. Soc. Chem. Ind., 1901, 20, 370. 

4 Lubrication and Lubricants, p. 319. 

5 J. Soc. Chem. Ind., 1887, 6, 148. 
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with accuracy by titrating the sample with standard alkali, the acidity 
of genuine commercial castor oil being usually under 3%. 

Castor oil is readily soluble in glacial acetic acid. It is easily mis- 
cible with an equal measure of that solvent at the ordinary temperature, 
whereas most other fixed oils, except croton oil, are only dissolved 
on heating, and yield solutions which become turbid before they have 
again cooled to the ordinary temperature. 

The behaviour of castor oil with petroleum spirit is highly character- 
istic. As far as has been recorded, all other fixed oils dissolve with 
facility in petroleum spirit, and are probably miscible in all proportions 
therewith, and with mineral lubricating oil. On the other hand, 
castor oil is not soluble in petroleum spirit, though it is itself capable 
of dissolving its own volume of that liquid. The following informa- 
tion is given on the authority of Archbutt and Deeley:* At 15° 
castor oil is practically insoluble in petroleum spirit and in burning oil. 
In ‘865’? Scotch shale oil, at the same temperature, it dissolves to the 
extent of about 1 to 1.5%; “‘890” shale oil dissolves about 2 to 2.5% 
of it; and “‘907/12”’ American mineral oil dissolvesrathermore. There- 
fore, at the ordinary temperature, castor oil is very sparingly soluble 
in mineral oils; the solubility is greater the more dense and viscous 
the mineral oil; it increases with rise of temperature and diminishes 
as the temperature falls. 

On the other hand, castor oil is able to dissolve mineral spirit and 
mineral oils in proportions which decrease as the sp. gr. of the mineral 
oil increases. ‘The following table shows the maximum volumes which 
were found to give a clear solution at 15° with ro c.c. of pure castor oil, 


Maximum volume 

: F Sp. gr. at miscible with roc.c. 

Mineral oil used I5.5° of pure castor oil 

at 15° 

Mineral (petroleum) spirit... .2....222.+-5- 0.692 Qz2uc-c: 
SEW VIDILGUROSE RDEtLOLGUE sears? ieicleibisisie recite o.788 Rr Bere, 
SRA GOOG eh. odbe sn 4 Bean oreeee ion As 0.865 Be 7a C.c 
Sraeieln Guailes Oily 5 sop aniss 6 Gao den Sogo Sue Lot 0.890 ZIA6 CC; 
American pale mineral Oil. 3... 00. 5..00----- ©.907-0.912 Le Fie G.es 


Although pure castor oil “almost refuses to mix with mineral lubri- 
cating oil, the difficulty entirely disappears if a third oil, such as rape, 


1 Lubrication and Lubricants, p. 114. 
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tallow, or lard oil, is present, a clear mixture of the three being readily 
obtained. Pure castor oil mixes with refined rosin oil in all proportions. 

The acetyl value (see p. 32) of castor oil (146.7 to 150.5) exceeds 
that of any other known oil, and is one of the most valuable indications 
of its purity. Although blown oils also have high acetyl values (about 
45 to 65) they do not nearly approach castor oil in this respect, and 
the detection of 10% of blown oil in castor oil is possible. Grape 
seed oil, if added to castor oil, would lower the sp. gr. 

The Hehner value (95.3 to 95.5%) and the iodine value would be 
lowered by adulteration with blown oil; the Reichert-Meissl value, 
Maumené thermal value, and saponification value would, on the other 
hand, be raised. Refined rosin oil, which has been extensively 
employed for the adulteration of castor oil, neutralises no alkali, or 
only a trifling quantity, and would, therefore, lower the saponification 
value. 

The high optical rotation caused by castor oil has already been 
referred to and would be lowered by most other natural fixed oils, 
except croton oil and laurel oil (Rakusin). It would not be available 
in the presence of rosin oil, which is strongly dextrorotatory. Some 
samples of sesame oil have a marked rotatory power (see p. 142). 
The refractometer would also be useful. Lythgoe mentions an instance 
in which 50% of cottonseed oil was found in a sample of ‘‘castor oil”’ 
from Massachusetts. This was detected at first by the low optical 
activity of the sample, and was confirmed by the low refractive power 
and sp. gr. and the high iodine value, also by Halphen’s colour 
reaction. 

Among other possible adulterants, poppyseed oil would lower 
the sp. gr., acetyl value, and viscosity, and would raise the iodine value; 
lard oil would lower the oleo-refractometer value, sp. gr., viscosity, 
acetyl, and iodine values; coconut oil Would raise the saponification, 
value and would lower the sp. gr., Hehner value and iodine value; 
and seal oil would lower the sp. gr., viscosity and acetyl value, and 
would raise the iodine value. Sesame oil would be detected by the 
characteristic colour tests for this oil. 

The formation of sebacic acid, when the sample is distilled alone or 
with a quantity of alkali insufficient for its complete saponification, 
may be employed as a test for foreign fixed oils in castor oil. 

When castor oil is distilled at 300° until it has lost from 5 to 10% 
of its weight, a yellowish-brown oil with green fluorescence remains, 
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which is miscible in all proportions with mineral oils, ceresin or vaseline, 
and is not soluble in alcohol or acetic acid. The name ‘‘floricin” has 
been given to this product. According to Fendler,! it contains the 
ester of undecylenic acid. A similar product is obtained by heating 
the oil in an autoclave to 260°-300° under a pressure of 4 to 6 atmos- 
pheres for about ro hours.? 

Estimation of Castor Oil.—Lane,3 having found that lead 
ricinoleate is insoluble in petroleum ether, has devised the following 
method of estimating castor oil in mixtures, soaps, and alizarin oils. 
The liquid acids in these cannot be estimated by the lead-soap and 
ethylic ether method, because lead stearate and palmitate are soluble 
in a solution of lead rincinoleate in ethylic ether. 

From 3 to 3.5 grm. of the oil or fatty acids are taken. If the 
sample be sulphonated (Turkey-red oil), a quantity sufficient to yield 
this amount of fatty acid must be first boiled for about 2 hours with 
dilute hydrochloric acid (1:5), with frequent shaking, until desulphona- 
tion is complete, the acid liquid being then poured into a separating 
funnel, shaken with ether, and the ethereal solution washed with water 
until free from acid. The ether having been distilled off, the fatty 
matter is weighed and saponified with alcoholic potassium hydroxide, 
a drop of phenolphthalein added, the solution rendered slightly acid 
with acetic acid and then very faintly pink with N/ 10 sodium hydroxide. 
The liquid is then slowly poured into a boiling mixture of 200 c.c. 
of water and 30 c.c. of.a 10% solution of lead acetate contained in a 
500 c.c. Erlenmeyer ‘flask, the boiling is kept up for 5 or 6 minutes, 
and the liquid is then cooled by rotating the flask under a stream of . 
running water, the movement being continued until the lead soaps 
adhere to the sides of the flask and the aqueous solution is clear. If it 
remain milky, desulphonation was not complete, and the test must 
berepeated. The aqueous solution is poured off, or filtered if necessary, 
the flask is then heated on the steam-bath until the contents are melted, 
again cooled, and any remaining water shaken out. 

The flask containing the dry lead salts is heated, and about ro 
c.c. of petroleum spirit are added, which usually mixes with the 
soaps and renders them more fluid. 75 to 80 c.c. more petroleum 
spirit are added, and the solution is boiled under a reflux condenser. 
It is then poured into a stoppered, graduated, 500 c.c. cylinder of thin 


1 Deutsch. pharm. Ges. ras I904, 14, 135. 
2 Feng. Pat. 24935, 190 
37. Soc. Chem. Ind., fea; 26, 597. 
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glass, having a stop-cock just below the 250 c.c. mark, or into a 500 
c.c. graduated flask. The flask containing the salts is repeatedly 
rinsed with petroleum ether, boiling each time, and transferring as 
much as possible of the lead soaps to the cylinder or flask, using about 
200 to 225 c.c. of petroleum spirit altogether. The ethereal solution 
is then diluted nearly to the 500 c.c. mark with petroleum spirit boiling 
at 28° to 30°, the whole is boiled for 1 minute (neglect of this detail 
will cause an inaccurate result) and allowed to stand in a cool place for 
at least 3 hours, and preferably all night, in order that the lead ricin- 
oleate, etc., may completely separate. 

If the sample contains 80% or more of castor oil, petroleum spirit 
of 38° to 40° b. p. is used for rinsing and washing the flask; if under 
80%, that of 28° to 30° b. p. is used, the percentage of castor oil 
present being judged, approximately, by the fact that when under 
80% the soaps will dissolve in the hot spirit of 30° b. p., while if over 
80% a semi-fluid mass remains which is more perfectly extracted 
by the solvent of higher b. p. It is essential, however, that the greater 
part of the spirit used for the dilution should be of the lower b. p. The 
lead ricinoleate is precipitated from this, on cooling, as a characteristic, 
flocculent mass resembling aluminum hydroxide, lead stearate and 
palmitate forming white, slowly subsiding powders. 

After the complete separation of the insoluble lead salts, the liquid 
is diluted to exactly 500 c.c., shaken and allowed to settle. 250 c.c. 
are then drawn off, filtered if necessary, distilled down to 75 or 80 c.c., 
shaken ina separating funnel with 10 c.c. of 10% acetic acid, and washed 
with water until the washings are perfectly neutral to phenolphthalein 
and made alkaline by one drop of N/10 sodium hydroxide. The solu- 
tion is then distilled from a 200 c.c. Erlenmeyer flask until most of the 
petroleum spirit has been expelled, mixed with 50 c.c. of neutral 
alcohol, and titrated with N/10 sodium hydroxide. The volume of 
decinormal alkali used Xo.0282, gives the equivalent weight of oleic 
acid, and if we assume that the other oils in the mixture are vegetable 
oils, such as olive, maize, etc., which contain approximately 80% of 
liquid acids, the result <4,%° represents oil other than castor oil. If the 
admixed oil can be identified, however, its percentage of liquid acids 
should, of course, be substituted for 80. The weight thus obtained, 
multiplied by 2, subtracted from the weight of oil or mixed fatty acids 
taken, multiplied by 100 and divided by the weight taken, gives the 
percentage of castor oil in the sample. If the mixed fatty acids are 
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used for the estimation, the result must of course be divided by 
0.95 to give the equivalent of neutral oil. 
Lane obtained the following results by this method: 


Mixture prepared 


= = = = | Castor oil found, % 
Castor oil Olive oil 
50 50 47.83 
70 30 69 .96 
85 ba | 84.57 
85 15 84.45 


A commercial sample, composed of castor oil, olive oil, and oleic 
acid, said to contain 75% of castor oil, was found to contain 76%. 
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In dyeing cotton goods red with alizarin, the employment of a fatty 
acid at one stage of the process is essential. Experience has shown 
that the best results are obtained by employing the ammonium salt of 
recinoleosulphuric acid, C,;sH,,(HSO,;)O,, a substanee which is ob- 
tained, mixed with unaltered esters and with the products of its decom- 
position (see ‘‘Sulpholeic Acid”), by the action of sulphuric acid on 
castor oil. The details of the method of preparation vary considerably; 
a common plan is to treat castor oil with strong sulphuric acid, added 
slowly with stirring, so that the temperature does not rise above 35°. 
The excess of sulphuric acid is then removed by agitating the product 
with water and then with a solution of common salt or, preferably, 
sodium sulphate, and the oily layer of crude ricinoleosulphuric acid is 
partially neutralised with ammonia, or with a mixture of ammonia 
with potash or soda, and diluted to the required strength. The product, 
which is a complex mixture of ricinoleosulphuric, ricinoleic, and 
polyricinoleic acids, existing partially in the free state, partly combined 
with ammonia or soda, and partly as mixed glycerides, together with 
unaltered esters and water, constitutes “alizarin or Turkey-red oil,” 
also called “‘sulphated oil,”’ “soluble oil,” ‘‘red oil” or “‘olein.”? True 
Turkey-red oil is made from castor oil exclusively (Wilson), but similar 
products are prepared from olive oil and cottonseed oil; these latter 

1The composition and mode of action of Turkey-red oils have been the subject of numerous 


researches. See Lewkowitsch, Oils, Fats and Waxes, III, 154; Alder Wright and Mitchell, 
Oils, Fats and Waxes, p. 185; Knecht and Rawson, A Manual of Dyeing, p. 160. 
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may be distinguished as olive Turkey-red oil and cottonseed Turkey- 
red oil, respectively. 

When castor Turkey-red oil is shaken with water and ether, 
the sulphonated fatty acids are dissolved. by the water and the non- 
sulphonated acids and unaltered glycerides by the ether; the former 
may be caused to separate from the aqueous portion by saturating it 
with common salt or sodium sulphate, and the latter can be recovered 
by evaporating off the ether. The solubility of Turkey-red oil in 
water is due to the presence of the sulphonated acid. 

The proportion of fatty matter present in alizarin oil varies con- 
siderably. It may be as low as 4o, and occasionally reaches 65%, 
the usual proportion being about 50%. The amount required should 
be specified by purchasers and controlled by analysis. 

Turkey-red oil, if properly prepared from pure castor oil, when 
largely diluted, even with hard water, will bear the addition of am- 
monium hydroxide to alkaline reaction without showing any turbidity 
on standing for several hours. A turbidity or precipitate denotes 
the presence of-solid fats, and indicates the employment of either 
impure castor oil ( e.g., castor oil foots) or of rape, cottonseed, olive, 
or other oil containing stearin or palmitin. 

The sp. gr. of Turkey-red oil is very variable. According to Wilson,* 
the sp. gr. of a 45% oil ranges from 1.017 to 1.035. 

The analysis of Turkey-red oil may have as its object the estima- 
tion of (1) the amount and nature of the fatty matter, alkali, etc., 
contained in the sample, and (2) the source of the fatty matter and the 
presence or absence of adulterants. 

In the estimation of the total fatty matter it is customary to 
decompose the sulphonated oils by boiling with dilute hydrochloric 
acid. Lewkowitsch? recommends Benediki’s method. About 4 
grm. of the sample are accurately weighed into a porcelain basin, 
and 20 c.c. of hot water are added gradually. Should the liquid be 
turbid, ammonia is run in until it is faintly alkaline to phenolphthalein. 
A clear solution will thus be obtained. 15 c.c. of dilute sulphuric 
acid (equal volumes of strong acid and water) are next added and an 
accurately weighed quantity, about ro grm., of paraffin wax. The 
mixture is heated until a clear oily layer floats upon the surface. It 
is then made quite cold, the solidified cake is removed, carefully dried, 


1], Soc. Chem. Ind., 1891, 10, 26. 
2 Oils, Fats and Waxes, III, 158. 
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and weighed. From the weight, that of the added paraffin wax is 
deducted, and the remainder represents the total fatty matter in the 
quantity taken. 

According to Herbig,! the simplest method is that of Finsler-Breinl. 
30 grm. of the oil are weighed into a flask of 210 c.c. to 250 c.c. capacity, 
having a long narrow neck graduated in tenths of ac.c. 100 c.c. of 
water and 25 c.c. of sulphuric acid (62° B=1.753 sp. gr.) are added 
and the mixture is heated until the oily layer which forms is perfectly 
transparent. A hot solution of sodium chloride or sulphate is then 
poured into the flask to bring the oily layer into the neck, and after 
standing half an hour the volume is read off. Each 1 c.c.=3% of 
fatty matter, but as the average sp. gr. of the oil is 0.945 the result 
should be multiplied by this factor. 

In a later paper? Herbig recommends the following method. 10 
grm. of the oil are heated in a flask with 50 c.c. of water, until dissolved, 
and the solution is then mixed with 25 c.c. of dilute (1:5) hydro- 
chloric acid and boiled for 3 to 5 minutes. When cold, the contents of 
the flask are transferred to a separating funnel with water and well 
shaken with about 200 c.c. of ether. The aqueous layer is drawn off, 
and the ethereal solution washed with three successive quantities of 
cold water. The greater part of the ether is distilled off, the residue 
transferred to a beaker and the rest of the ether allowed to evaporate 
spontaneously. The residual oil is heated for 1 or 2 minutes over a 
free flame until bubbles cease to appear, then dried for 30 minutes at 
105° and weighed. The aqueous extract and washings, if mixed and 
heated to expel the dissolved ether, may be used for estimation of the 
fatty sulphuric acid and glycerol. 

To estimate the total free acid, Wilson dissolves 5 to 7 grm. of the 
oil in alcohol or alcohol-ether and titrates with N/2 alcoholic potassium 
hydroxide, keeping the temperature low and stirring rapidly so as to 
avoid local excess of alkali, owing to the great tendency of the esters 
in all Turkey-red oils to undergo hydrolysis. The amount of free 
acid, calculated as ricinoleosulphuric acid, in a 45% oil may range from 
22 to 30%. This method is intended for Turkey-red oils prepared 
with sodium hydroxide or potassium hydroxide, but good results may 
be obtained even in the case of ammonia Turkey-red oils. Obviously, 
the figure obtained gives no idea as to the percentage of total fatty 


17. Soc. Chem. Ind., 1902, 21, 367; from Chem. Rev. Fett-Harz -Ind., 190 
2 Chem. Rev. Fett-Hars- Ind., 1906, 13, 187, 211 and 241; abs. in J. ‘Soc. Phew. oo 1906, 
25, 10c9. 
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acids actually present, owing to the great difference in the molecular 
equivalents of the different acids. If this information be desired, the 
percentage of neutral oil should be estimated and the fatty acids 
got by difference. 

For the estimation of the neutral oil, Lewkowitsch' dissolves 
30 grm. of the sample in 50 c.c. of water, adds 20 c.c. of ammonia and 
30 c.c. of glycerin, and shakes twice with ether, using 100 c.c. each 
time. The ethereal solution is washed with water to remove traces 
of soap, run through a dry filter into a tared flask, the ether distilled 
off, and the residual oil dried at 100° and weighed. 

Scheurer-Kestner,? after pointing out the different shades produced 
in dyeing and printing by the sulphonated and non-sulphonated fatty 
acids, respectively, proposed a method of roughly estimating these 
volumetrically by titration with standard ammonia solution, dependent 
upon the fact that litmus becomes blue when the sulphonated acids 
are neutralised, while phenolphthalein does not become reddened 
until the neutralisation of the whole of the fatty acids present is com- 
pleted. In a particular sample he found the molecular weight of the 
mixed non-sulphonated acids 472 and that of the sulphonated acids 
402. The following are the molecular weights of some of the pure 
acids which may be present: 


RICIMOLELG ha,cda aie seakete nro ote abe te endive eer enes Sake 298 
IDYES ate helo) (= (CO ema FAR Cr Ris tee meee oo he kas 578 
Ricinoleosulphuriche. sss sce cete Mace eee eer eee 378 
Di-ricinolegsulphiuirl Gee onslcnearae one sees reer creer TO eee eee 658 


Jouillard3 says this method gives inaccurate results, especially 
as diricinoleosulphuric acid is almost invariably present. He advises 
an estimation of the molecular weight of the fatty acids soluble and 
insoluble in water, by Raoult’s method, taking care, in separating these 
by shaking with water and ether as already described, that the whole 
of the water-soluble acids are extracted. Jouillard also recommends 
an estimation of the glycerol and sulphuric acid in the sulpho- 
nated oil. 

For the estimation of fatty-sulphuric acid, Herbig (loc. cit.) 
boils 4 grm. of the oil with 30 c.c. of dilute hydrochloric acid (1:5) 
for 40 minutes, removes the oil by shaking with ether, and estimates 
the SO, in the aqueous liquid by precipitation with barium chloride. 
From the weight obtained should be deducted the amount of SO, 

1 Oils, Fats and Waxes, III, 159. 


2 Compt. rend., 112, 158 and 305. 
3 Bull. Soc. Chim., 1891, 6, 638. 
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existing as sodium or ammonium sulphate, which Lewkowitsch esti- 
mates by dissolving a weighed quantity of the sample in ether, shaking 
repeatedly with small quantities of saturated brine free from sulphate, 
and estimating the SO, in the brine washings. 

The total alkali may be estimated by titration. Wilson takes 5 
to 7 grm., dilutes with water to about 50 c.c., and titrates with semi-nor- 
mal acid, using methyl orange as indicator. The result is calculated 
to ammonia or sodium hydroxide. If both are present, the oil should 
be dissolved in ether and well shaken with dilute sulphuric acid. 
The ammonia, sodium hydroxide (and potassium hydroxide) can then 
be estimated in the aqueous washings by the usual methods. 

Traces of iron seriously affect the brilliancy of alizarin colours. If 
to c.c. of the oil is shaken in a stoppered cylinder with 20 c.c. of dilute 
sulphuric acid (1:1) and a few drops of potassium ferrocyanide solu- 
tion, and after adding 50 c.c. of ether if the mixture be again well 
shaken, even a trace of iron gives a blue ring at the junction of the 
ethereal and aqueous liquids.t 

For the purpose of ascertaining the source of the oil with which the 
sample of Turkey-red oil has been prepared and the detection of 
adulterants, Wilson? saponifies too grm. by boiling with alcoholic 
potassium hydroxide and obtains the mixed fatty acids in the usual 
way. Hethen ascertains the acetyl value, sp. gr., m. p., and saponifica- 
tion value. ‘The acetyl value should be determined by Lewkowitsch’s 
method (see p. 32) and should be 125 or over if pure castor oil has 
been used in the preparation of the sample. A lower value would 
show that other oils have been used. The following average results 
were obtained by Wilson with mixed fatty acids from Turkey-red oils 
made from castor, olive, and cottonseed oils, respectively: 


Castor oil | Olive oil | Cotton-seed 
acids acids oil acids 
Westphal gravity at 98°................- 0.892 0.851 0.872 
Mie pa byncapillany ives wits rt crite <rol|reaierere sai 40° 44° 
Neutralisationevaltiesmeactsmieenc 19st 180-184 173-176 T7I-175 


The fatty acids from castor Turkey-red oil deposit no more than 
traces of fat at 15.5°, while those from olive and cotton oils solidify. 

Adulteration of Turkey-red oil with mineral or rosin oil would be 
detected by an estimation of the unsaponifiable matter. 


1 Leipziger Farber u. Zeugdr., Zeit., 1901, 4, 14, 153. 
2]. Soc. Chem. Ind., 1892, 11, 495. 
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CROTON OIL. 


(See also p. 71.) Croton oil is obtained by expression or extraction 
with alcohol from the seeds of Croton Tiglium, the yield being about 
53 to 56%. It is a brownish-yellow to dark reddish-brown, viscid 
oil, with disagreeable odour and acrid burning taste (British Pharma- 
copeia), intensely purgative and vesicatory. 

The lighter varieties darken very much with age. Croton oil 
differs from castor oil in being soluble in petroleum spirit. It has 
slight drying power and forms no elaidin with nitrous acid. It is 
composed of the glycerides of tiglic acid and other higher homologues 
of oleic acid, and of stearic, palmitic, myristic, lauric, caproic, butyric, 
and acetic acids. Oleic acid itself has not been identified in the oil. 
Dunstan and Boole! have shown that the vesicating constituent is a 
neutral, resinous substance of empirical formula C,;H,sO0,, which 
forms but a small proportion of the so-called “croton-oleic acid”’ from 
which it is obtained. . 

Croton oil is more strongly dextrorotatory than castor oil. Rakusin,? 
using a Soleil-Ventzke instrument with 200 mm. tube, obtained 
the following values: 


Croton oil, +14.5° to +126. 4°. 
Castor oil, + 8.0° to +8.65°. 


The discrepancies in the analytical data for croton oil as obtained 
by different observers are probably largely dependent upon the method 
by which the oil was obtained. Thus, Javillier3 prepared three samples: 
the first by simple expression, the second by extraction with ether, and 
the third by digestion at 75° with 95% alcohol; the first two methods 
being those described by the French Codex of 1884. The yield and 
character of the products are shown in the following table: 


| 
Oil extracted | Oil extracted by 


Expressed oil by ether alcohol 


Viana Sr eit sete ree fhe eatin tice 12.5% . 38% 12% 

fs ‘ ale. Light brown. Very dark brown. 

Solubility (x vol. of oil +2 vols.| Soluble at 75°} Soluble at 75° | Soluble in the cold, 
absolute alcohol). 


Solidification temperature......... —7° =e ay 
Roe ho¥seaykb velit) =) aie Vee eee Ee cineeee 109 108 91.2 
Sapontfieation vale! ..)..... 0.055 192.9 194.5 260.6 
NCIC EVIE H He Att. wn tt .ol eerie han ee 27.3 30.9 60.1 


et a ES a eed Ce Ss SN ee Rebel a 
1 Proc. Roy. Soc., 1895, 58, 238. 
2 Chem. Zeit., 1906, 30, 143. 
3 J. Pharm. Chim., 1898, 7, 524. 
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The acid value was estimated by dissolving the oil in ether and 
titrating directly with N/1o alcoholic potassium hydroxide. 

Duliére’ states that croton oil obtained by extraction with petroleum 
spirit or by cold expression has the same characteristics as the official 
oil, but that oils prepared by hot expression or by extraction of the 
non-decorticated seeds with ether, differ from it in colour, acidity, 
and degree of solubility in absolute alcohol, although the chief chemical 
constants are practically identical. He gives the following table of 
constants for this oil: 


DPs PLM abT5 eine see one on eC eral 3 ©.9437 
SP iPts At LOCC. ec eet ce yole eieee ee MeMMTE c=: s 0.8874 
solubility in’o2% alcohol... semen - I in 63 
Criticaltemperature!(Crismer).. eee. - 54.8° 
Oleo-refractometer degrees, 22°....7245......-. +35 
Butyro-refractometer degrees, 27°79). .....- yy kas 
INCIA Waliiey (BUESEYID) tel ieee xto= 21.8 
Saponthication) valet... nei ae eries tor ie = 215.6 
Reichert-Meisslivalue:..,c1- 5 on ameter a A iat 
Acetyl -valuer(ewkowitsch))\ -.-emmeen eee see 38.64 
Solidifying-point of mixed fatty acids........... 16.4 to 16.7° 


Two samples of croton oil examined by Lewkowitsch? gave the 
following results: 


Saponiicationuvalie ss wvacty semithin ah. 215.0 210.3 
Acetyl ivalier tees tr cot r fart: are asnit aici 19.82 32.66 


The same observer3 found 0.55% of unsaponifiable matter in several 
samples of croton oil and 18.6 to 19.0° as the titer test of the mixed 
fatty acids. 

Adulteration of croton oil with castor oil would be detected by the 
increased acetyl value. Hydrocarbons, which are said to be frequently 
added (Duliére), would lower the saponification value and increase the 
percentage of unsaponifiable matter. 


CURCAS OIL. 

(See p. 71.) This is from the seeds of the “‘ physic nut” or ‘‘purging 
nut”’ tree, Jatropha curcas, a plant chiefly cultivated in the Portuguese 
colonies, and especially in the Cape Verde Islands. It is yellowish- 
brown in a crude state, pale yellow when refined, has a faint unpleasant 
odour, and powerful purgative properties, 10 drops having a greater 
purgative effect than a tablespoonful of castor oil (Klein). It is only 
slightly soluble in alcohol, roo volumes of absolute alcohol at 15.5° 
dissolving about 2.17 volumes (Archbutt+), and freely soluble in 

17, Ann. de Pharm. de Louvain, 1899, 229 and 278. 

2 Analyst, 1899, 24, 319. 


3 Oils, Fats and Waxes, II, 184. 
4 ].Soc. Chem. Ind., 1898, 17, 1009. 
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petroleum spirit, by which properties, together with its much lower 
viscosity, it is readily distinguished from castor oil. 

According to Klein,! curcas oil is composed of esters of solid and 
liquid fatty acids, the former (9 to 10%) consisting of palmitic and 
stearic acids and the latter of oleic and linoleic acids in about equal 
proportion. No ricinoleic or linoleic acid was detected. 

Besides its medicinal uses, curcas oil is employed as a lamp oil, and in 
the manufacture of soap and candles; as a lubricant, however, for 
which purpose it is also said to be used, it has the disadvantage of 
drying nearly as rapidly as cottonseed oil. Thin films on glass dried 
in from 24 to 30 hours at the ordinary temperature, cottonseed oil 
drying under the same conditions in 18 to 20 hours, and refined rape 
oil in 48 hours (Archbutt). 

With nitric acid (1.375), refined curcas oil gives a pale brown colour, 
changing to orange on standing; with Halphen’s test and with fur- 
fural and hydrochloric acid it gives negative results. 

Very discordant numbers for the constants of this oil have been 
published by different observers, which accounts for the wide range 
shown in the table on p. 71. The results given below were obtained 
by Lewkowitsch and Archbutt. 


Lewkowitsch Archbutt. 
. | . > 
Authentic Com- |Commercial oil!from Lisbon 
sample of ex- enero 
pressed cur- ail 
| cas oil? Crude | Refined | Refined 
| 
SDs SEG Bs Gore cus e citnasiels el taiaiwecne ie 0.9204 0.9204 ©.9205| 0.920 0.920 
Viscosity Pee at 15.5° (cot- OS8G4) be ical he Ge SES oa oie steve : ° 378) 
tonseed oil 0.82—0.91) 
Turbid, 
Solidifying-point, °o.. <0 4.~ «<0» ans BO Ui eet mteccin ll acrwus miore { AAs DARN eres 
Solid, 3° 
re. egret! ia, 9% sates site) Sia,reucversiansls SAP Waa tere llwtiiee. ete ny See, Z Lied sae 
ree (oleic) aci ON telsheeyareake ciulereie CIA) Me let on cdiene.c Ir.8 0.26 
Unsaponifiable matter, OREN Tao Ana) he ocee ol) somors 0.56 hae! 3 
Miaumendé’ test, oo bic) ccc -arerasa ctnearcimes (OCD a Il PEN Ses 67.5° GG:s Otay We eeeteccre 
Specific temperattire CESU ay treteeia sist (@e 1) ewe lr tatrecs 144 Eqs hl Sooae 
Lodame: vale os 5 ols uicrmie oi olelsheis # le 98.3 100.2 98.0 99.1 100.0 
Saponification value .............. 193.2 I9I.2 192.8 192.9 192.2 
iehtier wal@er cies ote oo. bs ohne 95.5 OE Ot ai sx acetacn a We hice wiene 95.2 
Acetyl Walterwraetort ais cetemine ee tea 9.02 TH563° 4) Gare ane 9.82 
Reichert-Meissi value.............. 0.55 Cie NW vecis:aehe et Wek where 0.28 
Mixed Fatty Acids 
oe WALGG. "ar, cma costa a anetetcd a siictare eee onl eee aia | ee castes BORA is il, wounenees 
Wariecp s, © Si) oe aiculieee Mee chamele rete ill liane ie cabeavreceteManlih eacyoheneeeee a emaaoeteet Cat lee te Daren 
Solldifying- -point (titer test), °...... By. yo= 86 Osea ges ill oe eee ie Seon ctexsotusre 


1 Zettsch. angew. Chem., 1898, tor2. 
2 The numbers in parentheses are by Archbutt. 
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Klein obtained the following numbers in the examination of speci- 
mens of curcas oil which he extracted from the seed; sp. gr. at 15°, 
0.9199 to 0.9240; refractive index at 25°, 1.4686 to 1.4689; iodine 
value 109.1 to 110.4; saponification value, 197.0 to 203.6; m. p. of 
mixed fatty acids, 29. 5° to 30. 5°; solidifying-point of fatty acids, 25.75° 
ton265°5°. 

Curcas oil is said to be used as an adulterant of olive oil in Portugal, 
but in view of its purgative properties this seems unlikely. 


GRAPE SEED OIL. 


(See p. 71.) Grape seeds contain from 6 to 20% of oil, which, when 
obtained by cold expression from fresh seeds, is golden-yellow and 
sweet, but that from seeds which have been stored for some time 
is darker and slightly bitter. It is an edible oil. The oil from a 
second hot-pressing is brown, with a pronounced bitter taste; it is 
used, after refining, as a lamp oil.* 

It dissolves at 70° in an equal volume of acetic acid (sp. gr. 1.0562), 
the solution becoming turbid at 66.5°. It is moderately soluble in 
alcohol. It gives the elaidin reaction. Horn has suggested that it 
might be used as a substitute for castor oil in Turkey-red oil manufac- 
ture. A large quantity could be obtained. The numbers given in the 
‘table on p. 71 are based upon the results obtained by Horn? and 
De Negri and Fabris. The following quite different numbers 
have been since published by Ulzer and Zumpfe 4 


Ser maw l Ge crsalncrn 0 cetetethss Riorsfodareetees oGhearote atsicrege 0.9215 
Butyro-refractometer reading at 50°................. 54-5 
PELTACE OMIM GER cine icrorchte ere erercasicteiere ats chorea ee I.4623 
Modine wvalUes ata = oases Wit ieeNars: anal tieeoteorayanete onale levels 142.8 
Sapouilcatlonmvaliienens ty. 'tq RiPae coc. a sta folders 190.0 
iNcebylavalweror tie attys ACLUSae scrote sete cle coccne) clei oi 43-7 
INGATIMENE) Vale seyecteist- eres: Roto. tec ap OMmano ne 81° to 83° 


The earlier observers inferred that this oil resembles castor oil 
in containing a large proportion of hydroxy-acids, and that it also 
contains erucic acid. Ulzer and Zumpfe found it to consist chiefly 
of the glyceride of linolic acid, with about 10% of solid glycerides, and 
smaller quantities of the glycerides of oleic, ricinoleic and, linoleic acids, 
No erucic acid was detected. Further investigation is evidently needed 


1Chem. Rev. Fett-Harz-Ind., 1903, 10, 219. 

2 Mitthetl. Tech. Gerwerbe-Museums, 1891, 185. 

3 Aun. del. Lab. Chim. Centr. del. Gabelli, 1891-2, 225. 
4 Oester. Chem. Zeit., 1905, 8, 121. 
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VI. CACAO BUTTER GROUP. 


Bassia Tallow. Laurel Oil. 
Borneo Tallow (Tangkawang Fat). Mafura Tallow. 
Cacao Butter. Nutmeg Butter. 
Chinese Vegetable Tallow (Stillingia Tal- Palm Oil. 

low). Phulwara Butter. 
Cotton Oil “‘Stearine.” Piney Tallow (Malabar | 
Goa Butter (Kokum Butter). Tallow). 


Shea Butter (Galam Butter). 


BASSIA TALLOW. 


(For constants see p. 71.) This fat, as met with in commerce, is 
a mixture of the fats obtained from the seeds of Bassia longifolia 
and of B. latifolia, the former being termed Mohwah butter or Mowrah 
seed oil, and the latter Mahua butter or Illipé butter. It is used in the 
manufacture of soap and candles. 


BORNEO TALLOW. (TANGKAWANG FAT.) 


(For constants see p. 71.) This fat is expressed from the seeds 
of several different kinds of plants, belonging to the order Dipftero- 
carpacee, notably Shorea stenoptera, a native of-Northwest Borneo. 
It is a greenish-yellow fat, gradually changing to white, resembling 
cacao butter in consistency and taste. It has a crystalline structure, 
and is covered with fine needles of stearic acid. It melts at 35° to 42°. 
According to Geitel,! it consists chiefly of the esters of stearic and oleic 
acids, but Klimont? has isolated from it oleodistearin and oleodi- 
palmitin. The commercial fat has been found to contain from 8 to 
10% of free (stearic) acid. It is used in Europe in the manufacture 
of soap and candles. 


CACAO BUTTER. OIL OF THEOBROMA. 


(See also page 71.) This oil is expressed from the beans or seeds 
of the cacao tree, Theobroma cacao, from which ordinary cocoa. is 
obtained, and must not be confused with cocoanut oil from Cocos 
nucifera. It is obtained in large quantities as a by-product in the 
manufacture of chocolate. 


1jJ. prakt. Chem., 36, 1s. 
2 Monatsh. Chem., ana 929. 


CACAO BUTTER. ire) 


The percentage of cacao butter in the roasted nibs or beans has been 
carefully estimated by Davies and McLellan" by extraction of the 
powdered nibs with petroleum spirit. Beans from Ecuador, 
Venezuela, Dutch Guiana, Brazil, the West Indies, Africa, and 
Ceylon were examined. The average percentages of fat in the 
different sorts ranged from 51.33 to 58.23, the average of the whole 
being 54.44. 

Cacao butter is a yellowish solid, gradually turning white on keeping. 
At the ordinary temperature it may be broken into fragments, but 
softens in the hand and melts in the mouth. It fuses between 30 and 
34° (rarely at 29°) to a transparent yellowish liquid, which congeals 
agains at 20.5°, the temperature rising to about 27°. It has an agree- 
able odour, tastes like chocolate, and does not readily become rancid. 
Lewkowitsch,? however, has shown that cacao butter, if exposed to the 
combined action of sunshine, air, and moisture for a few days, becomes 
bleached and rancid like any other fat. It dissolves in 20 parts of hot 
alcohol, separating almost completely on cooling, and is also dissolved 
by ether and ethyl acetate. It is largely used as the fat in the manu- 
facture of chocolate creams, and in pharmaceutical preparations and 
cosmetics. 

Cacao butter chiefly consists of the propeny] esters of stearic, palmitic, 
oleic, and linolic acids.. C. Kingzett3 obtained from cacao butter an 
acid of the formula Co,H,.30,, which he named theobromic acid, 
but neither Traub4 nor Grafs were able to find any fatty acids of higher 
molecular weight than arachidic. Hehner and Mitchell® found 40% 
of stearic acid; Farnsteiner? obtained 59.7% of saturated acids, 31.2% 
of oleic acid, and 6.3% of other acids. Klimont® believes these acids 
to exist mainly in the form of mixed esters. Matthes and Rohdich®? 
have found in the unsaponifiable matter two phytosterols, identical, 
respectively, with the sitosterol and stigmasterol isolated by Windhaus 
from calabar bean fat. i 

The following results have been obtained by examination of the 
mixed fatty acids of cacao butter (see also p. 71): 


17, Soc. Chem. Ind., 1904, 23, 481. 

27. Soc. Chem. Ind., 1899, 18, 556. 

37. Chem. Soc., Trans., 1878, 33, 38. 

4 Arch. Pharm., (3), 21, 19. 

5 [bid., (3), 26, 830. 

6 Analyst, 1896, 31, 321. 

7 Zeitsch. Nahr. Genussm., 1899, 2, 1. 
8 Monatsh., 1902, 23, 51; 1905, 26, 563. 
9 Ber., 1908, 41, 19. 
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Observer 
Solidityvins=polnt (ber iteSt)eweam-nisiict seeker: 48.3-49.2 | Lewkowitsch. 
Retractives INGeX Al OO% asses ce alee eles oe I.422 Thoerner. 
INeMEralication™ val Ue acres iets eie ioe a actu Igo Thoerner. 
ocinemvaliie steak waa ce ce esis ae Mae cual eS 20mg Oe De Negri and 
Fabris, Thoerner. 


Cacao Butter Adulterants.—The adulterants which should be 
looked for in cacao butter are numerous, and include cocoanut and 
palm-nut oils, and the “‘stearines” prepared from them (a mixture of 
2/3 palm-nut ‘‘stearine” and 1/3 coconut “‘stearine”’ is said to be a 
favourite substitute), tallow and lard, stearic acid, sesame and other 
vegetable oils, beeswax and paraffin wax. For the detection of these 
adulterants the most important estimations are the iodine value, 
saponification value, Reichert-Meissl value, acid value, and sp. gr., to- 
gether with the m. p. of the fat and its mixed fatty acids, or the titer 
test of the latter. 

Coconut and palm-nut oils and “‘stearines’”’ would lower the 
iodine value and sp. gr., raising at the same time the saponification 
value and Reichert-Meissl value. They would also lower the titer 
test of the fatty acids. 

Tallow, beyond somewhat lowering the sp. gr., would cause scarcely 
any change in the other values. It may be detected by Bjérklund’s 
test (see p. 179) and the phytosterol acetate test (p. 301), the latter 
of which would also have to be applied to for the detection of lard, 
although the presence of lard would have some tendency to raise the 
iodine value. 

Stearic acid would be detected by an estimation of the acid value 
which, in genuine cacao butter, does not usually exceed about 2.0. 

Most vegetable oils would lower the sp. gr. of the fat and the titer 
test of its mixed fatty acids, and would raise the iodine value; cotton- 
seed and sesame oils would be detected by their characteristic colour 
indications, arachis oil by its arachidic acid, etc. 

Beeswax and paraffin wax would be easily detected; the former 
would raise the acid value and m. p. of the fat, lowering at the same 
time the iodine and saponification values, and both beeswax and 
paraffin wax would increase the amount of unsaponifiable matter, 
which in genuine cacao butter is quite small. 
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According to Sachs, various exotic fats have, of recent years, been 
used as substitutes for cacao butter in the manufacture of chocolate, 
the chief of these being Dika or Gaboon fat, Tangkawang fat (Borneo 
tallow) and Illipé fat. 

Dika fat? resembles coconut oil in saponification value (245) 
and iodine value (5.2), and also in the absence of stearic acid (Lewko- 
witsch found no stearic acid in Dika fat and only 1%3 in coconut 
oil), but it differs from coconut oil in Reichert-Wollny value (0.42%). 
Borneo tallow, according to the results obtained by Klimont,4 closely 
resembles cacao butter; Illipé fat, on the other hand, has a considerably 
higher iodine value (53.4 to 67.9). 

Sachs states that a mixture of 75% of coconut “stearine” and 
25% Japan wax has given good results as a cacao butter substitute; 
such a mixture would have about the same m. p. as genuine cacao 
butter, but would be readily distinguished by the much lower. iodine 
value and higher saponification value and Reichert-Meissl value. 
Posetto’ examined a substitute of this nature, sold as ‘vegetable 
butter” or ‘‘cacao butter S.”’ It had a faint tallow-like smell and 
taste, and had the following constants: 


ING scan ooainng dito. omg uo BA tOrsh 45s 
Ileehite VEN es cohoodonoosad 7.8 
Saponification value ........ 237.0 
Reichert valties usc. 15-1 5-50 


FeevaCl Gita cen ste ieee ieee s nil 


Posetto concluded that it was a mixture of coconut oil 70 to 75%, 
Japan wax, 30 to 25%. Another mixture said to be used is composed 
of 60% coconut “‘stearine’’ and 40% Borneo tallow. 

Bjorklund’s Ether Test.—3 grm. of the fat are shaken in a well- 
corked test-tube with twice the weight of ether at 18°. If wax be 
present, the solution will be turbid and will not become clear even on 
warming. Genuine cacao butter will dissolve to a clear solution. If 
a clear solution be obtained, the tube is immersed in water at 0°, and 
the number of minutes noted which elapse before the liquid becomes 
turbid, also the temperature at which the solution again becomes 
clear on warming. The following are Bjérklund’s observations: 


1 Chem. Rev. Fett-Harz-Ind., 1908, 15, 9, 30 
2 Lewkowitsch. Analyst, 1905, 30, 394. 

3 Oils, Fats and Waxes, Vol. II, p. 518. 
4]. Soc. Chem. Ind., 1904, 23, 1152. 

5 Giorn. di Farm. Chim., 1901, 337- 
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ays Z 
| TuEbicity ae Ovals Clear solution at 0° 


| minutes 
iPurercacao Uber nyse ete cle IO-I5 | I9—20 
Cacao butter+ 5% beef tallow . . | 22 
| 25 
| 


Cacao butter+ 10% beef tallow . fi 


Lewkowitscht found that cacao butter containing as much as 10% 
of tallow will dissolve in 2 parts of ether at 18°, although requiring a 
little longer than the genuine butter does, and that the chief indication 
to be relied upon is not so much the time required for crystallisation 
to commence,.as this varies with different samples of cacao butter, 
but the characteristic way in which genuine cacao butter crystallises 
as compared with adulterated samples. With genuine samples, 
distinct tufts of crystals appear at the bottom and sides of the tube, 
whereas 5% and more of tallow are recognised by flocks separating 
from the chilled solution. 

A method for the detection of coconut oil in butter, applicable 
also to lard and cacao butter, has been described by L. Robin,? based 
upon the almost complete solubility of coconut oil fatty acids in alcohol 
of 56.5% strength and the very slight solubility of the fatty acids from 
butter and cacao butter. 5 grm. of the fat are saponified by boiling for 
about 5 minutes with 25 c.c. of alcoholic potassium hydroxide, the opera- 
tion being conducted in a flask graduated at 150 c.c. attached to a 
reflux condenser. After cooling, sufficient water is added to reduce 
the alcoholic strength to 56.5%, and a volume of N/2 hydrochloric 
acid (prepared with 56.5% alcohol) sufficient to exactly neutralise 
the alkali and liberate the fatty acids from the soap. The volume 
of acid required is ascertained by a previous titration. The contents 
of the flask are then made up to 150 c.c. at 15° with 56.5% alcohol, 
well mixed, allowed to stand for at least half an hour, and filtered. 
50 c.c. of the filtrate are titrated with N/1o alkali, using phenol- 
phthalein as indicator, and the result calculated to c.c. per 1 grm. of fat 
represents fatty acids soluble in 56.5% alcohol. The author of the 
process states that if even 5% of coconut oil is present in cacao butter, 
the “alcohol-soluble” number will be not less than 3, while the ratio of 
the alcohol-soluble number to the saponification value of the fat will 
be less than 60. A ratio of 45 to 60 corresponds with the presence of 


1]. Soc. Chem. Ind., 1890, 18, 557. 
2 Ann. de Chim. Anal., 1906, 11, 454, and 12, 181. 
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5 to 10% of coconut oil, a ratio of 35 to 45 with 10 to 15%, and a ratio 
of 25 to 35 with 15 to 20%. 
Robin’s analytical results are summarised in the following table: 


Cacao butter to which cocoanut oil 


Pure cacao | had been added to the extent of 
Butter = ere : so 
(9 samples) | | 
5% 10% | 15% 
Saponification value (a) | i ae ee 
aponification value (a)............ |I9I .O-195.4/195 .I-199.8/199.0-204.3|205 .0-205 .6 

Alcohol-soluble number (b).........| 2.30-2.81 | 3.56-4.10 | 4.50-5.47 | 5.76-6.79 
INET OLEh Ae cite are eh Eat. epee Ane rc ame | 69-84 | 48-55 36-45 30-35 


For the detection of coconut oil by means of the ‘ethyl ester value”’ 
(Hanus and Stekl’s method) see under ‘‘ Coconut Oil,” p. 187. 


CHINESE VEGETABLE TALLOW (STILLINGIA TALLOW). 


(For constants see p. 71.) This fat is obtained from the fruits of a 
variety of plants, the most important of which is the Chinese tallow 
tree, Stillingia sebifera (Croton sebiferum L.). It is largely employed 
in the manufacture of soap and candles. 

The fat is found as a coating about o.5 mm. thick on the seeds, from 
which it is melted by steam heat. ‘The seeds themselves contain a 
strongly drying oil (stillingia oil) of quite a different character from 
the fat which coats them, and some of this is liable to be contained in 
the commercial tallow. Its presence would be shown by its high iodine 
value and rotatory power on polarised light. 

Commercial Chinese vegetable tallow is a white or greenish fat, 
without taste or smell, the analytical values of which vary considerably 
owing to its being obtained from different plants and prepared in 
different ways. It is believed to consist of esters of palmitin and olein, 
and these exist, according to Klimont,! partly as the mixed ester 
oleodipalmitin. A sample tested by Hehner and Mitchell contained 
no stearin. Valenta, by the lead-salt-ether method, obtained 35.56% 
of oleic acid and 64.44% of palmitic acid. 


COTTON OIL “STEARINE.” 


This is the name given to the soft solid fat that separates when cotton- 
seed oil is chilled. It is utilised in the manufacture of margarine and 


1lMonatsh. Chem., 1903, 24, 408. 
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of soap. It consists chiefly of palmitin and a little stearin, with olein 
and linolin (see ‘‘ Cottonseed Oil’’). 


GOA BUTTER (KOKUM BUTTER, MANGOSTEEN OIL). 


(For constants see p. 71.) This fat is expressed from the seeds of 
the East Indian plant, Garcinia indica. It is used locally as a food, 
while the commercial product is manufactured into soap. It consists 
chiefly of the mixed glyceride, oleo-distearin (Heise). 


LAUREL OIL. 


(For constants see p. 71.) This is a butter-like fat of greenish- 
yellow colour, slightly bitter taste, and peculiar aromatic odour, 
obtained from the berries of the laurel tree, Laurus nobilis, which yield 
about 25%. It consists largely of trilaurin, with probably a small 
amount of olein and linolin. It is employed in the preparation of 
veterinary medicines. 


MAFURA TALLOW. 


(For constants see p. 71.) This is a light yellow fat obtained from 
the seeds of Mafureira oleifera. It consists of glycerides of solid fatty 
acids (71.4%) and of liquid fatty acids (23%) (De Negri and Fabris). 
It is used in the manufacture of soap and candles. 


NUTMEG BUTTER. 


(For constants see p. 71.) This is a yellow tallow-like fat obtained 
from the seeds of the Myristica officinalis, the yield being about 20 to 
25%. As expressed, it consists of a fixed oil with 8 to 10% of an es- 
sential oil (nutmeg oil). The glyceridic portion is composed chiefly 
of myristin and olein, with a small proportion of butyrin (Jean). 
The fat is used in the manufacture of perfumes and for medicinal 
preparations. 


PALM OIL. 


(See also page 71.) Palm oil is the product of several species of 
palm, but particularly of Elais guineenis and E. melanocca. The 
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former is indigenous to tropical W. Africa, and forms vast forests 
whence the European supply of palm oil is derived; E. melanocca is 
cultivated in S. America and the W. Indies. Palm oil proper is 
obtained from the outer fleshy coating of the seed, the palm-nut or 
palm-kernel oil having a different composition. 

Palm oil varies in consistency from that of soft lard to that of the 
hardest tallow, and its m. p. is correspondingly variable. Soft oil is 
obtained from the fresh fruit, hard oil from fruit which has been 
stored in the ground and has undergone fermentation. Hard oil, 
besides being much decomposed and more or less dark in colour, 
usually contains dirt which has become mixed with the fruit during 
storage. Pure fresh palm oil has an agreeable and quite characteristic 
smell, and is of a bright orange colour; but the oil of commerce, owing 
to the crude method of manufacture, often has a “‘stink almost in- 

‘describable”’ and every shade of colour between golden-yellow and 
black. Inferior kinds are further deteriorated by adulteration, a 
fine red earth being used at Saltpond and overripe plantains and sour 
*‘kanki”’ in the Chama district of the Gold Coast. Lagos furnishes the 
purest and most highly valued palm oil for some purposes, Accra and 
Saltpond inferior and less valuable sorts. 

The colour of commercial palm oil becomes pale after keeping, 
especially upon exposure to light and air, the oil at the same time 
becoming rancid; but refined neutral palm oil may be kept for years 
without developing acidity or rancidity. 

Palm oil is eaten as butter by the natives of the Gold Coast, and is 
used for anointing their bodies. In this country it is used for the 
manufacture of soap and candles, and in the manufacture of tin-plates 
in S. Wales. It is also a common ingredient of railway wagon-axle 
greases. It is used in the United States for colouring butter sub- 
stitutes. (See p. 310.) 

In chemical composition palm oil consists essentially of palmitin, 
olein, and free palmitic acid, with small quantities of stearin, linolein, 
and anotherfat. According to Nordlinger,? the solid fatty acids contain 
98% palmitic acid, 1% stearic acid and 1% heptadecylic acid, the 
latter having been since resolved by Holde3 into palmitic acid and an 
acid of much higher molecular weight. 


1 Kew Bulletin, July, 1891, on ‘‘ African Palm Oil.” See J. Soc. Chem. Ind., 1891, 10, 


907. 
27. Soc. Chem. Ind., 1892, 11, 445. 
3 Ber., 1905, 38, 1247. 


184 MODES OF EXAMINING FATS, OILS, AND WAXES. 


The following results have been obtained by examination of the 
mixed fatty acids of palm oil: 


Observer 
SIM IW tO S°—OO2/ 515s atau) hs eee | 0.8369 Allen. 
Sp. Be at ee Roce a Regs pene o 0.8701 Archbutt. 
Solidifying-point (titer test).............|  35-8°-47.6°; | Various. 
| usually 44°-45° 
EN ea tee MS gE on | J 453-3 Thoerner. 
Todine value.........: Hi ae eacenne Tiplen! 
Todine value of liquid fatty acids........ | 95-99 Lewkowitsch, Tol- 
| man and Munson. 


Commercial Palm Oil. 


Palm oil as met with in commerce varies greatly: in quality. It 
almost always contains more or less water and solid impurities. Some 
of the irregular oils occasionally contain 25 or 30%, but the usual 
range is from 2 to 16%, while most of the regular oil does not contain 
more than 5 or 6%. It is usual to sell palm oil on the assumption that 
2% of such foreign matters are present; any excess over this is allowed 
for. 

Water is best estimated by exposing 10 grm. of the sample to a 
temperature of 110° for an hour or two, and noting the loss of weight 
(see ‘“‘Lard’’). If the residual oil be then dissolved in warm petroleum 
spirit, the solid impurities will settle to the bottom, and can be filtered 
off, washed with a little ether, dried, removed from the filter, and 
weighed. After weighing, the residue may be ignited, when the ash 
will indicate with sufficient accuracy the proportion of sand and 
mineral matters, and loss of weight will give that of the organic matter. 
In many cases the water can be estimated with sufficient accuracy 
by noting the measure of the aqueous layer which separates when 
the undried sample is dissolved in petroleum spirit, or simply kept 
melted in a graduated tube immersed in hot water. 

Palm oil is not, as a rule, adulterated with other fats, but it frequently 
contains a large proportion of free fatty acids. The free acid raises the 
solidifying-point of the oil, and causes it to have a corrosive action 


izt4 samples, see p. 186, omiting two very acid and rancid oils which absorbed only 
23.7 and 33.3%, respectively. 
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upon iron and steel, especially in the presence of water. Axle grease 
made from acid palm oil may seriously pit and corrode the metal of 
bearings and journals, unless the free acid be neutralised. 

The following proportions of free fatty acid, calculated as palmitic, 
have been found in palm oil: 


Fin ets | | Palmitic 
Palmitic acid, % || ecida, .% 
Kind of oil = 7 | Kind of oil ; 
| 
Archbutt |A. N. Tate | L. Archbutt 
| 
Ale pOMG venus ners) 2 ses hee Yer || Hct) | Fernando Po...... 40.5 
Winkno willaeraeess cers ies GEO || Mg Ae 5 Nt LENNART Seen eee 35.7 
Refine dis wy isc) te Sees Reena blalt-jack ysis aee 24.4 
ESTASS Ser caesar one Ge) 2 OF .Om Mi DONT Rn. meer taar « 21.5 
New, Calalpatyee amr ectay 52.2 AD OTA! LAROSs s acg20s 4 ser II.9 


Lewkowitsch states that he hasfound from 50 to 70% of free (palmitic 
acid in a large number of commercial palm oils. 

The following results obtained by the analysis of typical samples of 
palm oil, from which the water and impurities were removed, were 
communicated to Allen by A. Norman Tate: 


| 
f New Old | Grand 
Brass | Benin Lagos | Calabar | Calabar | Bassa 
: | | 
OMGCIRRAGEEE oh cya ok-s -9213 .9228 .9203 | .9269 . -9209 +9245 
Saponification value....] 200.2 198.3 196.6 199.7 197.2 201.2 
Fatty acids, %.........| 96-97 | 96-96.5 | 94-97 94-97 | 94-2-95 |95.5-96.5 
Fatty acids; solidifying|44.4—45 .8/45.0-45 .5|/44-5—45-5 44.2745 -5|/44.2-45.5 41 .5—42.3 
point. : 
Fatty acids; combining) 273.4 273.7 2972.7 273.2 273.2 273.0 
weight. 


Analyses of 16 samples, representing various brands of palm oil, 
recently made by Mr. F. C. Tipler, chemist of the London and North 
Western Railway Co., and kindly communicated by him, are given 
in the table on p. 185. 

Palm olein is obtained by subjecting palm oil to hydraulic pressure 
in the same way that lard oil is made from lard. It usually has a sp. 
gr. of about 0.914, and solidifies at ro°. 


See Archbutt and Deeley. Lubrication and Lubricants, p. 214. 
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PHULWARA BUTTER. 


(For constants see p. 71.) This fat is derived from the seeds of the 
Indian butter tree, Bassia butyracea. It is used locally as a food, 
while the exported product is made into soap. 


PINEY TALLOW (MALABAR TALLOW). 


(For constants see p. 71.) This is a light green fat obtained from 
the seeds of the Indian plant, Vateria indica. It is used for illuminating 
purposes, and in the manufacture of soap. 


SHEA BUTTER (GALAM BUTTER). 


(For constants see p. 71.) This is a butter-like, grayish-white 
fat, obtained from the seeds of Bassia Parkii, used in the manufacture 
of soap and candles. 


VII. COCONUT OIL GROUP. 


Coconut Oil. Macassar Oil. 
Japan Wax. Myrtle Wax. 
Palm-nut Oil. Palm-kernel Oil. 


COCONUT OIL. 


(See also p. 72.) Coconut oil is obtained by expression or extrac- 
tion from the white pulp (“‘copra”’) of the common coconut, the seed 
of Cocos nucifera and C. butyracea. It is a white or but slightly 
coloured fat, having the characteristic odour and taste of coconut, 
and the consistence of butter or soft lard. The commercial product 
easily becomes acid and rancid, and then has a bad taste and odour. 
If properly prepared, however, it is equal in neutrality and keeping 
qualities to other oils and fats, and it does not become rancid any sooner 
than other fats if properly stored in full vessels protected from light 
and air.t The excessive acidity met with in commercial samples is 
frequently developed in the fat previous to its expression from the copra, 
through the latter being allowed to ferment, as in the case of palm 
oil and other fats. Lewkowitsch has found from 5% to 25% of free 
fatty acid, calculated as oleic acid. The sp. gr. of coconut oil is 


17. Soc. Chem. Ind., 1906, 25, 381. 
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higher than that of the majority of vegetable fats. Allen observed a 


range of from 0.868 to 0.874 at ee; Crossley and Le Sueur ob- 
100° 


tained values from 0.903 to 0.9042 at =. 

Coconut oil has a peculiar and highly complex chemical composi- 
tion. It is chiefly composed of laurin and myristin, but contains also 
six other glycerides, including caproin, caprylin, caprin, palmitin, 
stearin and olein.t Very little stearin is present; Lewkowitsch found 
only 0.99% of stearic acid,? Hehner and Mitchell none. The volatile 
acids are chiefly capric and caprylic. 

Coconut oil is used for candle- and soap-making. It is an excellent 
illuminant, emitting no smoke, and is largely used for making night- _ 
lights. It forms a hard and white soap, the aqueous solution of which 
is not readily precipitated by common salt; hence this soap is available 
for use with sea-water (marine soap). 

Coconut oil and the ‘‘stearine’’ made from it are also used as sub- 
stitutes for and adulterants of butter, lard, and cacao butter. By 
treatment with alcohol and animal charcoal a neutral coconut oil 
is produced, which is sold under such names as ‘‘vegetable butter,” 
“vegetaline,” ‘‘lactine,’’ ‘‘nucoline,”’ “laureol,” etc. When well 
prepared, these products are white, of about the consistence of butter, 
of agreeable, sweet flavour, and, according to Jean,3 free from ten- 
dency to become rancid. Coconut oil is frequently used in the prepa- 
ration of margarine. 

Coconut ‘‘oleine” is used as a lubricant, usually as an ingredient of 
blended oils. 

The data given below and on p. 72 have been obtained from 
the mixed fatty acids of coconut oil: 


Observer 

} 
Pe Strat GSe900 (1S 6a, unc inAde a eed une 0.8354 | Allen. 
Solidifying-point (titer test).....................|21.2%-25.2°| Lewkowitsch. 
Retractlve wnGex at 00°, e.teueuye siecle tia ties 1.4295 | Thoerner. 
Saponification value Tait ttf ee hebe eg sil nets RCN 258 Thoerner. 
Mean combining weight ...................... 196-204 | Alder Wright. 
WOCINe sale! rst wetness esa ante eee ae 8.4-9.3 | Various. 


1 See Ulzer, Chem. Rev. Fett-Harz-Ind., 6, 203; Blumenjeld and Seidel, J. Soc. Chem. Ind., 
1900, 19, 914; Jensen, Zeitsch. Narh. Genussm., 1905, 10, 265; Haller and Youssoufian 
Com t. rend., 1906, 143, 803; Paulmeyer, J. Soc. Chem. Ind., 1907, 26, 881. 

* Oils, Fats and Waxes, II, 518. 

8 Jour. Soc. Chem. Ind., 1891, 10, 275. 


COCONUT OIL. 189 


Coconut oil is alleged to be liable to adulteration with suet, beef 
marrow, and other animal greases, as also with almond oil and wax. 
These would be detected by the reduced sp. gr. at the temperature 
of boiling water and the reduced saponification and Reichert-Meissl 
values. Indeed, there is no addition likely to be made in practice, 
excepting that of palm-nut oil, which, if in notable proportion, would 
not be detected by these tests. The same methods, if used with 
discretion, will equally serve to estimate the approximate proportion 
of the adulterant. Palm-nut oil cannot be detected by the above 
or any other satisfactory method, but as it is employed for the same 
purposes as coconut oil, the substitution has little practical importance. 

Hanus and Stekl* have proposed a new constant for the detection 
of coconut oil in other oils and fats, which they name the ‘‘ethyl- 
ester value.” 5 grm. of the melted and filtered fat are weighed into an 
Erlenmeyer flask of about 200 c.c. capacity (14 cm. high and 7 cm. wide) 
heated for 15 minutes in a thermostat at 50°, then rapidly mixed with 
30 c.c. of N/1o alcoholic potassium hydroxide, vigorously shaken 
until quite clear, and again heated in the thermostat until the lapse 
of ro minutes from the time of adding the alkali. To the liquid 
is next added 2 c.c. of dilute sulphuric acid of such strength as to exactly 
neutralise the 30 c.c. of alkali, sufficient water to make the volume 
up to 140 c.c., and a few fragments of pumice stone. ‘The flask is fitted 
with a cork and bulb tube, connected to an inclined condenser 70 cm. 
long, and the liquid rapidly distilled. The first 30 c.c. of alcoholic 
distillate are collected in a graduated cylinder, and the next roo c.c. 
of aqueous distillate in a 1oo c.c. flask. The distillation should be 
finished within 25 minutes. The latter (aqueous) fraction is rinsed 
into an Erlenmeyer flask, sufficient alcohol being used to bring the 
esters into solution, the free fatty acids are neutralised, and the esters 
are saponified by heating for about 45 minutes under a reflux con- 
denser with 4o c.c. of N/2 alcoholic potassium hydroxide. When 
cold, the excess of alkali is titrated with N/1o hydrochloric acid, the 
result giving the number of c.c. of N/1o alkali required to saponify 
the respective esters from 5 grm. of fat. The ‘‘ethyl-ester values”’ 
of the following fats were determined: 


1 Zeitsch. Nahr. Genussm., 1908, 15, 577- 
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pen EEE —EE——E——E——eeEe———— ee 
Ethyl-ester value 


Woconut oil psasamiples ype rss eyeltkeroe teeter 41.45 to 45.30 
Palm=mit OlloT SAUPLe eps «oie susuere stool otek stele -tone toto 23.55 
Cows abuttersts Sat plesae.- rye Mee te ea We LOLS). 4 
Margariney ss) sataples|. cuts «2 oa) eee aetna seer I.70 to 3.00 
Labeler haaho) Warn Gane aan homeo aoGorLbE SabcuuS€ 2.70tO0 3.20 
@acao butter, 3 samples’ c< = 50-00 «aterm 9 elise erie 1.30to 1.60 


It appears from these results that the method is capable of detecting 
a small percentage of coconut oil in margarine, lard, or cacao butter, 
but not less than 15% could be detected in cows’ butter. If coconut 
oil alone be present, the numbers afford a means of approximately 
estimating the proportion, but the presence of palm-nut oil would 
upset the calculation. 

Coconut “oleine” and coconut “‘stearine” are products ob- 
tained by submitting coconut oil to hydraulic pressure. The 
following figures, obtained in Allen’s laboratory from samples supplied 
to him by Price’s Patent Candle Company, show the relative physical 
and chemical characters of the two products: 


Oleine Stearine 
Sp. gr. at 9855 0.8710 0.8696 
Tie eee ek 87 -869 
60. ° 
Sp. gr. at re Bs Up cos tex vam. Sye-are Vavanstaes cee MTS llc eR eRe eT ue eee 0.8959 
Sp. PES ACE FON fi ctetccetays tact san mususcdepat ean oe 0.9262 solid 
DE Ssh Gaius ois eoclkleste) ae sues scala elers ocaile meu Meuens Ghortes ei ctatieaci euch tet 28 ..5° 
Solidifjing: poitt idl: 5) faoraalo< atutelatel ee cep tacit 4°, rising 21.5°, rising 
5 to 8° to 26° 
Saponimicationt value masacie aca oer ieetee 261 259 
Reichert ivaluen sete sheen. See eee 5.6 So 


Sachst obtained the following values from a sample of commercial 
hard coconut “stearine,” said to be a favourite substitute for cacao 
butter. 


Sp. a BL LOO sc isisciu es shay eet en ere ern eee ete 0.8700 
IME SDI Mus cieycin tae veneer Acree ate § eee eee 29 .3°-29 .§° 
Solidityagpaint Banate. oe iciciTs a iets to ace ee eee SRE eet 26.5° 
DA PONIcatlon aval Uses ae eee Eee 252 
Lodinemvalucheet ac, adhd eee ee 4.0I-4.51 
Reichert=Mecisslivalucumnc ee ooeeeteeneee 3.4 


1Chem. Rev. Fett-Harz-Ind., 1908, 15, 9, 30. 
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Mixed Fatty Acids. 
AS Declare «iol ske ROPING Seg cle Gh 512 Gite el dasi ee? a 28 .1° 
Solidifving=polntasemterr metic series ociaas omer 27.4° 
Mean moleculaniweightuee erent see eae. <2: 209 


The following results were obtained by Archbutt in the examina- 
tion of a sample of commercial coconut “oleine.” 


SHO a ERE ECS goo to ot mee cette s 0.9290 
Soh fas Glawncleey/itle, od awe 0.8958 
INE Sap serokctozesstalens Tonahaiten slaqchoi> Bake ge 18° 
Solidifying-point (titer test)........... 11°, rising to 13° 
Viscosity (absolute) at 15.5°.......... 0.68 (rape oil, 1.15 ) 
Viscosity (absolute) at 100°........... 0.052 (rape oil, 0.086) 
Saponitication! value! meee eee s= 25767 
Todine\valucte cae eae ee ae 13.4 
Hreer(oleic)racidivace citer 0.2% 
Unsaponifiable matter............... 2.6% 
JAPAN WAX. | 


(See also p. 72.) Japan “‘wax’’ is a fat contained between the 
kernel and outer skin of the berries of several species of Rhus, the most 
important of which are Rhus succedanea and R. vernicifera, which 
flourish chiefly in the western provinces of Japan, and are now also 
cultivated in California. 

The wax is extracted by steaming and pressing the crushed berries, 
after separating the husk, the flow of the last portions of wax being 
sometimes accelerated by the addition of a little oil of Perilla. The 
berries yield in this process about 15% of a coarse, greenish, tallow- 
like mass, which is refined by melting, pressing through strong cotton 
sacks and allowing to drop into cold water. The flakes of wax thus 
obtained are bleached in the sun and, if necessary, remelted. Ahrens 
and Hett obtained 25% of fat by boiling the berries with water and 
finally extracting by ether. 

The purified fat is a yellowish-white, straw-yellow, or greenish- 
yellow, wax-like, mass, having a smell recalling at once that of tallow 
and of some kinds of beeswax. Under ordinary circumstances it fuses 
at 51° to 53°, but a recently solidified sample melts at a consider- 
ably lower temperature. Its solidifying point is about 41°, the tem- 
perature rising to 48 to 49° in the act of solidification. 

The sp. gr. at the ordinary temperature is about 0.990, while in a 
molten state at a temperature of 98° to 99° it is 0.875 to 0.877, com- 
pared with water at 15.5°. Thus, in the solid state it agrees in specific 
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gravity with the true waxes, and in the molten state it is considerably 
heavier than the true waxes or the ordinary vegetable fats. 

Kleinstiick,! who investigated the subject minutely, found that the 
closeness with which the sp. gr. of Japan wax approximates to that 
of water, coupled with its high coefficient of expansion, gives rise to 
the curious phenomenon of its floating in water at temperatures above 
18°, and sinking below 15°. This behaviour is, however, modified by 
the fact that, like other similar substances, it is at first abnormally 
light after being melted and allowed to solidify, regaining its normal 
sp. gr. only after some time. The following table gives Kleinstiick’s 
results: ’ 


Sp. gr. compared with water at 4° 


Japan wax 


Temperature, :° i Water 


Of normal sp. gr. | After recent fusion | 


CaS 9 Delis io Rcerstotaecnuen I .00237 ©.99995 
We TCOFS 7 oy GUN ao Mccre Rasmircte fees ©.99991 
T 70 Glee Seine tetas. eete gen iat ©.99123 0.99884 
yf ns ORO OSA Mil ecvrep etter «net scan 0.99875 
2A RIN Vina epee le uiagen ease 0.98747 0.99762 
20.5 0.98615 0.98683 0.99674 


Japan wax is completely soluble in boiling alcohol, but is almost 
completely deposited on cooling. The variable hardness of the 
commercial wax is said to be due to the presence of the oil of perilla 
used in its extraction. This will also influence the iodine value, since 
oil of perilla is a strongly drying oil having an iodine value of 206. 

Japan wax is readily and completely saponifiable, yielding glycerol, 
and hence is distinct in constitution from the true waxes, which yield 
monatomic alcohols when saponified (p. 67). It is composed chiefly 
of palmitin and more or less free palmitic acid. It also contains small 
quantities of saturated di-carboxylic acids of high m. p., of which an 
acid having the formula C,,H,3(COOH),, melting at 117°-117.5°, 
and its two lower homologues have been identified by Schaal.2 The 
acid melting at 117°, to which they attributed the formula C,.H,.- 
(COOH), and named “Japanic acid,” had previously been isolated 


1 Chem. Zeit., 1890, 14, 1303. 
? Ber., 1907, 40, 4784. 


JAPAN WAX. 193 


by Geitel and Van der Want? and found to exist in combination with 
palmitic acid as a mixed glyceride. The latter observers also found 
a small quantity of oleic acid, and about 5 to 6% of soluble fatty acids 
which, in their opinion, had been produced by the action of the oxidis- 
ing agents used to bleach the wax. 

From 5.4 to 14.9% of free (palmitic) acid have been found in com- 
mercial Japan wax. Ahrens and Hett found from 5.1 to 5.5% in 
wax which they extracted in the laboratory. 

The following results have been obtained by the examination of 
Japan wax and its fatty acids, in addition to those given in the table on 


Davzes 


| | Authority 
Unsaponifiable matter, %............. 1.48 to 1.63 Geitel and Van 
der Want. 
Giliycenolh Viataimctemiy ats cise stents bewr dis ae IL.59; 13.50;-14.71| Allen. 
GElycenoly. Swe rucieeidis etc sa ye ae ko otenrs 10.9 | Mitchell. 
Patty-acids; insoluble, %i-..0.., «une 90.62; 90.66 } Geitel and Van 
Hattysacidsy solublesGounecn a= 1h veel 5.96; 4.66 der Want. 
Patty acids ;solwbtem Vout ovine ane ce | 8.40 Allen. 
Properties of Insoluble Fatty Acids. | 
oe: ide at 98 to 999/15. °. PN entree cays | 0.848 Allen. 
: BecuRon.a reel 56° to 57° Allen. 
Soluibying. ‘point aero Tera mew ee eters | 53° to 56.5° Allen. 
Comipimingwweilchtwrt 1s oe 257.5 to 259.3 | Allen. 


That the constitution of Japan wax is peculiar is evident from the 
study of the products of its saponification, and is shown also by its 
high sp. gr. both in the solid and liquid state, in which characters it 
differs‘widely from the majority of solidfats. Thesp. gr. of the insoluble 
acids, considered in conjunction with their mean combining weight, 
renders it doubtful whether these fatty acids really consist of palmitic 
acid, and it may be noted that Hehner and Mitchell in working out 
their process for the estimation of stearic acid in fats found that the 
fatty acids prepared from Japan wax, while possessing apparently 
the properties of palmitic acid, prevented the crystallisation of stearic 
acid in an anomalous manner. ‘The percentage of glycerol produced 
by saponification of the wax, as estimated by the permanganate 
process in two of the samples examined by Allen, is notably in excess 
of that yielded by tripalmitin, especially in the sample which gave 


1]. fir. prakt. Chem., 1900, 61, 151. 
Vole ——13 
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the highest result, the glycerol from which sample was estimated 
several times with great care. Whether this high proportion was real 
or due to some unusual constituent which rendered the estimation 
by permanganate inaccurate was not ascertained. Any considerable 
proportion of a diglyceride containing palmitin and a dibasic acid 
would raise the proportion of glycerol and would also explain the 
relatively low combining weight of the insoluble fatty acids. 

Japan wax is stated to be frequently adulterated with water, with 
which it is capable of forming a sort of emulsion when the two are 
agitated together a little above the m. p. of the wax. 

La Wall! found a number of samples adulterated with 20 to 25% 
of starchy matter. The sp. gr. of the adulterated wax was only slightly 
higher than that of the genuine article. Such adulteration would 
be readily detected by means of ether in which the wax would dissolve 
leaving the starch. 

The addition of tallow would be detected by the lowered m. p. and 
increased iodine value; in fact, the characteristic properties of Japan 
wax would render the detection of adulteration easy. 


MACASSAR OIL. 


(For constants see page 72.) Macassar oil is a soft fat, forming 
60 to 70% of the seed-kernels of Schleichera trijuga, a tree growing in 
India and the East Indies. It is used locally for cooking, illuminating, 
and medicinal purposes, and has long been esteemed in Europe as a 
valuable hair restorer. It consists of esters of lauric, palmitic, arachidic 
and oleic acids, with small quantities of acetic and butyric acids. Its 
odour is largely due to the presence of a small amount (0.03 to 0.05%) 
of hydrocyanic acid. 

Wijs found 3.12% of unsaponifiable matter in this fat. Of the 
non-volatile fatty acids, 45% were saturated and 55% unsaturated 
(liquid) acids; the latter had an iodine value of 103.2. v. Itallie found 
the sp. gr. of the mixed insoluble fatty acids 0.922 at 15°. 


MYRTLE WAX. 


(For constants see page 72.) This is a greenish-white fat, of 
wax-like appearance, separated from the berries of different kinds of 
Myrica (M. cerifera, M. caroliensis, etc.). It contains myristin, palmi- 


1 Amer. J. Pharm., 69, 18. 
2 Analyst, 1896, 21, 328. 
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tin, and olein, palmitic acid being the predominating fatty acid. Besides _ 
the figures on page 72, the following have been published: 


Smith and | 
| Wade | ailige 
ae Z Soe — pe 

s f solid f sal | 

p. gr. of solid fat at ance | GEOSOO Ty wer «yeas sas 
SOM Gay lays lol Maan A Mls Huts Sy o@enwene ootenaee 45° 39.5° 
Reiractive index SGO™ never she ae Hein oe ee eee ee 1A O30 Olio 
IN CICIV ALU Gey rs ance pesscht ihc cata eae TT Ee ora eee oe Xo fs | ecrckane ee 
Teen (PAG C)RACCsO/jtaee aarti ye Mi A ey cel ears teak of) « O.12 
CGI VCOUO IMEC eel Sk Nabe ntc: Merete eee. eee RN Re aS A 53 sill Nite eee oro 13.38 

Mixed Insoluble Fatty Acids. 

SIDS UALLOS— OOS TS CO: Min en are ea ae Ree eerie ily shay stent ae 0.83 
SOlidi yin o=pombints acter a RN ae eet tel ee Soest bale 46° 
(Croeallavnennavenc, 1s) (an ere mete clho, tyosets oo. etpaons 6 ome oti ae aE 243.0 
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(See also page 72.) This oil is obtained by expression or extraction 
from the fruit-kernels or nuts of the oil-palm, and is entirely different 
in composition from palm oil (page 182) which is obtained from the 
fleshy covering of the nuts. 

Palm-nut oil varies from white to primrose-yellow or pink in colour, 
with a characteristic odour recalling that of violets, but not unlike 
that of coconut oil, which it resembles closely in every respect. The 
sp. gr. is high, ranging from 0.866 to 0.873 at g9° (compared with 
water at 15.5°). Them. p. is from 26° to 30°, solidification occurring 
at 18° to 20°, and the temperature again rising pretty constantly 
10.25" Or 20". 

Palm-nut oil contains a large proportion of esters of lower fatty acids, 
the composition of a sample analysed by Oudemans’ being given as: 


(OUT eis oc Oo tatre DS Daca CRE ro curt I Cais ran PURER cr aan 26.6% 
Stearns palmnitimyancd MmyriStinl cite ate ere ee telereteie es 33.0% 
Laurin, caprin, caprylin, and caproin.......... oa Raids 40.4% 

100.0% 


Valenta? found the oil to be composed of the same esters as stated 
by Oudemans, omitting stearin, but that present in largest proportion 
was found to be laurin. Blumenjeld and Seidel found 4.53% of 
volatile fatty acids capable of distillation in a current of steam.3 

1 Jour. prakt. oe lit [a] Ero ea wets Dict. of Chemistry, 7, 890. = 


27. Soc. Chem. Ind., 1889, 8, 
3 J. Soc. Chem. Ind., 1900, 19, 914. 
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It is worthy of notice that all the fatty acids of which the esters are 
said to be present contain an even number of carbon atoms. The 
same remark applies to coconut oil, which has a very similar composi- 
tion (see page 188), but usually contains a larger proportion of lower 
fatty acids. Thus, the saponification value of palm-nut oil is usually 
about 247, but differs somewhat with the mode of preparation. If 
it be extracted from the palm-kernels by a solvent instead of by pres- 
sure, the proportion of higher fatty acids is increased, and the m. p. 
and saponification value of the product are respectively raised and 
lowered in proportion. Palm-nut oil is stated to be sometimes adul- 
terated with, or substituted by, lard or tallow, coloured with turmeric 
and scented with orris root. With modified figures for the saponifica- 
tion value and distillate-acidity, the method of examining coconut oil 
for such adulterants fully applies to palm-nut oil. 

Palm-nut oil is largely used for soap-making, mixed with other fats. 
The commercial oil contains free fatty acids, sometimes in very large 
proportion. Valenta found from 7 to 58% in different samples. 

The mixed fatty acids of palm-nut oil have given the following 
results (see also page 72): 


Observer 
Solidifying-point (titer test)................. | 20 to 25.5° | Lewkowitsch. 
IQisrbeeKeianROp ual qth Wieos . do aaoleoawsade sc. 1.431 Thoerner. 
Lodinevaluesiecatnrm ences tae Mane Nenepete meres I2.0 | Thoerner. 


Sachst obtained the following results by examination of palm-nut 
“stearine,” which is used, in admixture with other vegetable fats, 
as a substitute for cacao butter: 


SD erat TOO mansieie cn tkeate oc etre eee eae 0.8700 
Se as DOING seer eee oes. cee eee eee 28° 
Pisteite fa. Walaa aly, oe esighels. wares witeerey rte enegyene can Sats 31.5 to 32° 
eteiuecs Valles his cudetuanae meee: mvacen 242 
Todine“value 7a cnsa: satay ay oats re tence 8 
ReichentMielss| sya Wc tat ieee eee enn an2 


Dicais peso ears anateytee as kay eae ete get eee te ane 28 .5°-29 ..5° 
elite eens Rrave''9) alee if ee vednyh area NRT fens 28 .5° 
Mean moleciiar weight. ...0.06- seit 2m 


1 Chem. Rev. Fett-Harz-Ind., 1908, 15, 9, 30. 
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VIII. LARD OIL GROUP. 


Lard Oil. Tallow Oil. 
Neatsfoots Oil. Egg Oil. 


LARD OIL. 


(See p. 72.) Lard, especiaily the softer kind, subjected to hydraulic 
pressure yields a considerable quantity of fluid called “lard oil,” 
or “‘lard olein,” while the solid portion constitutes ‘‘pressed lard,” or 
“lard stearin.” Consequently, the m. p. and other characters of 
lard oil depend,much on the temperature at which the pressing is 
conducted, winter-pressed lard oil naturally containing, less of the 
solid constituents of lard than that expressed at a higher temperature. 

Prime lard oil is a nearly colourless, pale yellow or greenish coloured 
oil, having but little odour, and composed of the esters of chiefly oleic, 
stearic, and palmitic acids, with some linolic and perhaps linolenic 
acids. It usually thickens at about 4°, and becomes solid ta — 4°, but 
some samples exhibit wide departures from these limits. A specimen 
of pure winter-pressed oil examined by Henry began to deposit flakes at 
— 8°, was thick at — 10°, and solid at —12°. It did not remelt completely 
until the temperature reached +7°. On the other hand, a sample 
tested by Duyk* began to crystallise at +10°. Commercial lard oil 
varies in character from the nearly neutral sweet oil above described 
to the acid, rancid, and offensive-smelling lard oils of deep brown 
colour called ‘Extra No. 1,” “Extra No. 2,” and “Extra No. 3” 
(Schweitzer and Lungwitz). 

In many of its indications lard oil closely resembles olive oil, which it 
simulates in its behaviour with nitric acid, the elaidin-test, and the 
temperature produced by strong sulphuric acid. 

Lard oil is extensively employed as a lubricant. The chief adul- 
terants affect its viscosity and non-drying characters, and therefore its 
value for lubricating. Lard oil is often employed in lighthouse and 
signal lamps, and a small percentage of free acid or of cottonseed oil 
affects, injuriously, its quality for these purposes. 

The acidity of lard oil, calculated as oleic acid, should not exceed 
2%. Of 47 samples tested by Jenkins,? 4o satisfied this condition, 
and the average acidity of the whole was 1.56%. 


1 Bull. de l’ Assoc. Belge, 1901, 15, 18. 
2 Private communication, 
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ro samples contained between o and 1%. 
30 samples contained between 1 and 2%. 
5 samples contained between 2 and 3%. 
2 samples contained between 4 and 6%. 


Of 14 samples examined by Archbutt, 


1 sample contained 0.85%. 
rr samples contained from 1.0 to 2.0%. 
2 samples contained 6.7%. 


4 samples examined by Tolman and Munson contained from 0.28 to 
1.28, and 4 by Sherman and Snell from 0.74 to 2.64% of free oleic acid. 

The sp. gr. of genuine American lard oil at 15.5° ranges from 
0.913 to 0.919, according to Schweitzer and Lungwitz,’ and the results 
published by other chemists fall within these limits. Of 47 samples of 
commercial lard oil examined by Jenkins and believed to be genuine, 
only one sample had a higher sp. gr. (0.921); the remainder ranged 
from 0.914 to 0.919, the average being 0.9172. Adulterants, such as 
cottonseed oil, maize oil, and fish oils, would raise the sp. gr. 

The oleo-refractometer is a valuable instrument for examining lard 
oil, the recorded deviation caused by which ranges from —1° to +5.5°. 
All fixed oils likely to be added as adulterants, except arachis, neatsfoot, 
and tallow oils, would increase the refraction (see page 44). 

The average viscosity of commercial lard oil is about the same 
as that of olive oil, but it varies between rather wide limits. The 
efflux time of 45 samples examined by Jenkins ranged from 356 to 
534 seconds for 50 c.c. at 15.5° from Redwood’s viscometer, the 
average being 437 seconds. Olive oil from the same viscometer at 
15.5° required 426 seconds. The majority of the samples fell within 
a narrower range, as is shown below. 

6 required from 356-399 seconds. 

g required from 400-422 .5 seconds. 
17 required from 427-449 seconds. 

7 required from 451-466 seconds. 


3 required from 477-495 seconds. 
3 required from 508-534 seconds. 


The Maumené thermal value (50 c.c. of oil and 10 c.c. of 97% 
sulphuric acid) ranges from about 40° to 46°, practically the same 
as in the case of olive oil. This is, therefore, a valuable test, since most 
yils likely to be added as adulterants would increase the temperature 
indication. 


17]. Soc. Chem. Ind., 1895, 14, 129. 
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The zodine value of genuine lard oil depends largely on the propor- 
tion of olein. The interpretation to be placed upon the result of this 
test must, therefore, depend upon the congealing-point of the oil. 
Schweitzer and Lungwitz, who have investigated this relation, ascer- 
tain the congealing-point as follows: The oil is poured into a wide- 
mouthed bottle, immersed in a freezing-mixture of ice and salt, and 
stirred vigorously with a thermometer; the temperature is noted at 
which the oil shows the first sign of becoming cloudy. Any (American) 
lard oil with higher iodine value than 70 should not show signs of 
cloudiness above 40° F. The lard oils having iodine values of from 
60 to 70 are generally pasty at 40° F. 

The following table is taken from Schweitzer and Lungwitz’s paper: 


Sp. gr. at 15°/4° | Iodine value | Congealing-point 
0.9136 78.8 25°F, 
©.9146 46.4 28° F. 
0.9174 76.0 28° F, 
O.QI51 ees B5e us 
0.9159 67.8 40° F. 
©.9g160 63.9 42° F. 
0.9186 62.8 Solid at 40° F. 


Probably the iodine values of most genuine lard oils would fall 
between 67 and 82. : 

The saponification value is about 193 to 198. Adulteration with 
rosin oil, mineral oil, or rape oil would lower this value. Rosin oil 
or mineral oil, if present, would be found in the wnsaponifiable matter 
which, in genuine lard oil, does not exceed about 0.6%. 

The flashing-point (closed test) of a genuine sample of lard oil was 
found by Jenkins to be 480° F. 

The fiter test of the mixed fatty acids ranged from 27° to 33° in 46 
samples examined by Jenkins, and Duyk' found the sp. gr. at 100° to be 
0.885. 

4 samples of genuine lard oil examined by Tolman and Munson 
(Bull. No. 77, United States Dept. of Agriculture) gave the following 
results: 


~ Bull. de lV Assoc. Belge, t901, 15, 18. 
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= ee ee eS ee eee 


| | 


| 
I | 2 | 3 | 4 

Sb (en Bin BOSE Ao cnoh pede canoe 0.9148 0.9145 0.9160 , 0.9175 
Butyro-refractometer reading at} 67.4 67.4 | 69.5 | 66.8 

15 -5° 
Saponification value ............ 195.7 195.3 197.7 196.2 
HodinegvalWelk seu bl eycreccrre a) Chl | 69.7 (CS 
Todine value of  festimated....| 94.0 | ......-.. | 95 8 | 93-9 
Liquid fatty acids | calculated...| 98.9 TOR. LOL .3 | 97.9 
Bolidtattyaclas! Ogee seer ae ae 18.9 19.3 | 26.68 | 22.43 
My p; of mixed fatty acids,......-1 33).2° 34.22 | 38.4° 35.8° 
itreen(@leiG\eacids Ypacaeeec incre 0.75 OV fsy ei) ekelepts) 1.28 


Cottonseed oil, unless it has been heated, would be detected by 
Halphen’s colour test; sesame oil by the furfural test. Vegetable oils 
as a class would be detected by the phytosterol acetate test. Some 
vegetable oils would be indicated by the appearance of a well-defined © 
band in the absorption spectrum, near the line B. Genuine lard oil 
gives no absorption bands. 

For the detection of arachis oil, Renard’s process must be used 
(see under ‘‘Arachis Oil’). Hehner and Mitchell’s bromoglyceride test 
would prove the presence of fish oils or linseed oil. 

The oxidation test described under “Olive Oil” is usefully ap- 
plied to lard oil intended for lubricating. 


NEATSFOOT OIL. 


(See also p. 72.) Neatsfoot oil is obtained by boiling the feet of 
oxen in water until all the oil has risen to the surface. It is usually the 
custom in rendering establishments to use the whole leg below the knee, 
and no doubt the majority of the neatsfoot oil of (American) commerce 
is made in this manner (Lythgoe). The commercial oil also often in- 
cludes that from the feet of sheep and horses. to neatsfoot yield 
from 2 to 2.5 pints of oil. 

Pure neatsfoot oil has a pale golden-yellow colour, a not unpleasant 
odour of beef fat, and slowly deposits “stearine”’ on standing. The 
portion which remains fluid at a low temperature is used as alubricant 
for clocks. ‘The commercial oil is largely used for leather dressing and 
to some extent as a lubricant, chiefly in admixture with mineral oils. 

Neatsfoot oil is composed chiefly of olein, with some palmitin and 
stearin. No ester of a fatty acid less saturated than oleic is present in 
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any quantity (Coste and Shelbourn). The unsaponifiable matter 
does not exceed 0.7% and consists chiefly of cholesterol and a pig- 
ment which tints the oil yellow. 

Neatsfoot oil is extensively adulterated with bone oil, fish, seed, and 
mineral oils. If carefully separated from foreign matters soon after 
boiling it contains very little free fatty acid, and if preserved under 
proper conditions very little hydrolysis of the oil occurs. Excessive 
acidity of the commercial oil must, therefore, be due either to adultera- 
tion or to want of proper care in manufacture. 

The most complete investigation of this oil has been made by Coste 
and Shelbournt who prepared a number of samples in the laboratory 
from the feet of different breeds of oxen and from a calf’s feet. A sum- 
mary of their results is given in the following table, together with some 
results by other authorities with commercial oils believed to be genuine: 


| | 


i 
| Coste and | Gill and ght 
Shelbourn. Rowe. Lythgoe. Ceanon 
Oil prepared | American | American oil. She de 
in oil. 4 samples ai 
laboratory 5 samples | Bil 
DMT ADL E SiS cde caches Sveleratdcahave. ieretre ©.9151—0.9181'0.914—-0.919/0.9133-0.9148| ..... 
Butyro-refractometer, 20° .......... e639 5-64 JG) Jil Rs sta cscs 63, 3=O0330 cine 
POapoOUincation valle 7... cons «vie em. FORMO=TOO Fae ay oni omet call Maree ince s oe 196-199 


Modaire cvelise: s,s frat s spends leteseeaetemireays 
Wehner value ..ewatiee. pues vise 
Reichert-Meissl value .............. 
Maumené test (100% acid used) 
Wnsaponifiableymatter.. o.oo. sno 


Mixed Fatty Acids 


} 
Ops Stat LOO) TOO en ieee nice «sic DLB7 IS =On SAFO) ae cveterererssa iekeles eieta teem! asenelais 
PIMberaLest weer o ere ois K eee MLO; 20s Ge WM emycnty eo: || vohi stele elite 2 Ihe tapes, ae 
Syovbicttisiabelsmelortaniia oq Am@ane contac emu | BA sS=AO6 2) |) Gils cie cake | Rraaiaee 5 cekthons Hiveee aes 
Neutralisation value... 0... ee be TOgad—2 O06 ulmi acticin Duar keke aa tees es 
Hodime Valiteiirs cis anasto oietelora aie uster hace 7S O— 77500 Ni 63 .6-69.5 | Sais aay oes 1 Retsyeva.a 


The oleo-refractometer should be of great value in examining samples 
of neatsfoot oil. The presence of seed oils and fish oils would be 
readily detected by its means. Sheep’s-foot oil is the standard oil 
used in this instrument. 

Observation of sp. gr. and iodine value, together with the Maumené 
test, would serve to detect many of the most objectionable adulterants. 
Rape oil would reduce the saponification value. Fish oils and linseed 
oil would be shown by the bromo-glyceride test. Mineral and rosin 
oil would be found in the unsaponifiable matter. Bone oil would be 


17. Soc. Chem. Ind., 1903, 22, 775. 
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detected, most likely, by the ash, and probably would increase the 
amount of free fatty acid. Vegetable oils, as a class, would be found 
by the phytosterol acetate test. 


TALLOW OIL. 


(See p. 72.) Tallow oil, or tallow ‘‘olein,” is obtained by submit- 
ting tallow to hydraulic pressure, and its characters differ, as in the 
case of lard oil, according to the temperature at which it has been 
expressed. It is largely used asalubricating oil, especially in admixture 
with mineral lubricating oils. ‘‘Ox’’ oil should be tallow oil expressed 
. from beef tallow. ‘‘Animal”’ oil might contain the fat of other animals. 
The name ‘‘tallow oil’’ is sometimes incorrectly applied to crude oleic 
acid, and care has to be taken that such oil is not inadvertently pur- 
chased for lubricating purposes. 

Gill and Rowe? give analytical constants of 3 samples of tallow oil, 
as follows: 


SIC A heme Rolo Cann. aPanares MeN AN AIG AD AcSGimie 0.794 
AICOELESt Ser eset saci ces oo cieie ece Ac a cre aR ee ees 35° to 37.5° 
Maumené test (100% H2SO, used) ............ 35° 
Modine; value sche cs cxarv erent ee ee ae ee 55-8 to 56.7 
Jodine value of mixed fatty acids .............. 54-6 to 57.0 


Two samples of “refined animal oil’? examined by Archbutt gave 
the following numbers: 


I 2 
| 

Soo 4 al eee Pec cgeree ras 8. bE eee = 0.9187 0.9187 

Relative efflux time (seconds) at 15.5° 

(Refined rape oil, 600-630 seconds) f{ “""** °° *** ae 556 

reer (Ole C) acid saws ayers ee aisre ae ence Cee 0.20 0.25 

Maumené test \(97 7 H25O, used) saee: ee eeenene 40.5° 42.5° 

SEUpopabveleryatenl VANUA Su ohoaneoonloncondeueaasacn: 199.6 £92.15 

Modinervaltie Sacre ch. ocho ne Senate SNe Oe me eee 60.4 59-7 


On cooling to 50° F., no crystals formed in 3 hours, but on lowering 
the temperature to 46° F. crystallisation commenced, and slowly 


continued until the oil ceased to flow. 


8 samples of animal oil, believed to be genuine, examined by Dunlop,? 
had iodine values ranging from 66.3 to 77.6 and sp. grs. (15.5°) from 


17]. Amer. Chem. Soc., 1902, 24, 466. 
2 Analyst, 1907, 32, 319. 
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0.914to0.9165. The efflux times of 50 c.c. from Redwood’s viscometer 
at 21.1° ranged from 330 to 460 seconds. Dunlop states that oils of 
this character are far from common, and that out of more than 4o 
samples of commercial animal oil tested by him, at least half had a 
sp. grs. of 0.9170 to 0.9215 and iodine values of 90 to 116. Many of 
these oils were adulterated with seed or fish oils and had marked drying 
properties, unfitting them for lubrication; others, of lower sp. gr., were 
adulterated with mineral oil. The amount of free fatty acid ranged 
from 0.70 to 22.0%. The Zeiss refractometer is useful as a sorting test, 
a reading higher than 61 at 25° indicating either a high iodine value 
or the presence of mineral oil. 

Dunlop points out that a high iodine value may be due to the presence 
of horse oil, four samples of which he prepared from the fat obtained 
from different parts of the horse. These oils ranged in iodine value 
from go to 115, in sp. gr. at 15.5° from 0.9182 to 0.9212, were lower 
in viscosity than the genuine animal oils, and had objectionable drying 
properties. To decide whether a high iodine value is due to the 
presence of horse oil or a seed oil, the phytosterol acetate test would be 
necessary. 

To test the drying property of tallow oil, Dunlop recommends 
exposing 2 drops ona 1/4 plate negative glass for 24 hours to a tempera- 
ture of 95° to 97°. Genuine tallow, lard or neatsfoot oil does not gum 
to any appreciable extent under these conditions, but many “animal 
oils” of higher sp. gr. than o.g170 gave sticky films. Hehner and 
Mitchell’s bromo-glyceride test also gives valuable information, even 
when used qualitatively, since genuine tallow and lard oils give little or 
no deposit, while the presence of even 5% of whale or similar oil is 
indicated by a very distinct precipitate of the bromine compound. 


‘EGG OIL. 


This oil, which is used in ointments and cosmetics, also in Russia 
for cooking, is obtained from the yolk of hard-boiled hens’ eggs, 
either by pressure or by solvents. The yolks contain from 25 to 35% 
of oil, according to Paladino and Toso.t Kitt? obtained 19% of oil 
by extraction with ether. 

Egg oil has an orange-yellow colour, is partially solid at ordinary 


1 Analyst, 1896, 21, 161. 
2 Chem. Zett., 1897, 21, 303. 
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temperatures, 
and yields a solid elaidin. 
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gives the Hager-Salkowski indication for cholesterol, 
According to Kitt, the oil is composed 


chiefly of the ester of oleic acid (82%) with palmitic and stearic acids. 


It contains cholesterol and lecithin. 


The results obtained by the above- 


named chemists are given in the following table: 
| 
Paladinoand Toso, Kitt 
SD MiGisdce : Hs eniicntisiat + Aas eee eae 0.9156 at 20° | 0.9144 at 15° 
Solcitying POM gansce quebec mee meus: BO=TOO eu ieier syerienere cages 
ee A ree EO aed se ES Gh 22°—22 5° «Asie eye eee 
eee aion NICH NU Seon et ieee Wee EAS cor | 285 .2=186.7 190. 2 (mean) 
Todinet valle! en tants. 1 Scan rien eee ee 81r.2-81.6 72.1 (mean) 
EFSHMEL Vale ore tie wins ecetete oe cian obsess Sack Ree ieee eee eae 95 - 16 
Reichert-Meissl’ values... u.gr2 > epee tice «coe ual olen oereeeeas ee 0.4 
Pree. (Oleic): ACIG Wc Sas rascta cchessho case os tolslll weiss issue Ie ceekceres 0.6 
Ghrolesterahsg/5 wane skasac sta Sapeicne aeseerh aot | oh ence a en ear D5 
Mixed Fatty Acids. 
NIE aD rocopce ss aycts. cra nea aime cd tonsiece ees Araceae 34:5°-35° 36°-39° 
Saponiticationsyalte. cae tyaa dates hae se eo eater nee 194.9 (mean) 
Todine walter ic nut. tre. dere da easton cl aie eens tien ae 73-7 (mean) 


IX. TALLOW AND BUTTER GROUP. 


Beef Fat. Horse Fat. 
Butter Fat. Lard. 
Bone Fat. Mutton Fat. 
Tallow. 
BEEF FAT. 


(See also p. 72.) Beef fat is more solid than lard, though it 
differs in consistency as well as in chemical composition with the part 
of the animal from which it is obtained. It is largely used in the prep- 
aration of oleomargarine for the margarine industry, and also as an 
adulterant of lard (see under ‘“‘ Tallow”). 


BUTTER FAT. 


(See special article.) 


BONE FAT. BONE GREASE. BONE TALLOW. 


(See p. 72.) Bone fat is obtained by boiling bones with water and 
skimming the oil; by steaming bones in close digesters; or by ex- 
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traction with solvents. It is chiefly used for soap- and candle- 
making. 

Bone fat ranges in colour from drab to deep brown, has a character- 
istic odour, frequently contains a large proportion of free fatty acids, 
and usually contains lime soaps in solution, besides more or less calcium 
phosphate, sand, dirt, and water. Its fatty acids usually solidify at 
about the same temperature as those of lard, though the best samples 
approach ordinary tallow in this respect. These variations in quality 
largely depend upon the kind of bones the fat is obtained from, the 
length of time they have been kept before being treated for the ex- 
traction of the fat, the process of extraction employed, etc. Bullocks’ 
hollow shank bones yield the best fat (Carpenter). 

In ro samples of commercial bone fat analysed by Valenta* the ash 
ranged from 0.11 to 2.01%; water from 1.33 to 3.08, except in one very 
impure, nearly black sample, which contained 6.31%; the total fatty 
acids ranged from 89.8 to 93.7%; the free fatty acids from 14.8 to 
26.5%; the iodine value from 48 to 55.8; the saponification value from 
200 to 207; and the m. p. of the fatty acids from 41.5° to 42.7°. 

According to Shukoff,? the following varieties are recognised in 
Russian commerce: Benzine bone fat (St. Petersburg), a very pure fat, 
containing from 0.65 to 1.0% of water; benzine bone fat from S. Russia, 
usually very impure, containing water and impurities 3 to 4%, free acids 
30 to 40%; titer test 40 to 42°; benzine horse-bone fat, containing 3 to 4% of 
water and impurities, titer test 38.2°; white natural bone fat (St. Peters- 
burg) from the gelatine factoriés, containing 0.3 to 1.5% of water and 
impurities, 20 to 30% of free fatty acids, titer test 40° to 45°. 

In 379 samples of bone fat examined by Schestakoff3 the free fatty 
acids ranged from 8.3 to 56.2%. 

Marrow fat from ox bones, prepared by Dunlop4 was light yellow, 
resembled hard lard in consistence, and had the following character- 
istics: iodine value, 52.04; butyro-refractometer reading at 25°, 55.3; 
saponification value, 196.3; free fatty acid, 0.22%. 

For the valuation of bone fat, Shukoff and Schestakoff recommend 
the following procedure:5 

Water.—Dry 5 grm. at 100° to 110° until constant in weight; owing 
to the tenacity with which the lime soaps retain water, over 24 hours’ 


1 Zeits. Chem. Ind., anes 265. 

2 Chem. Rev. Fett-Hars-Ind., 1901, 8, 229. 

3 Tbid., 1902, 9, 180. 

4 Analyst, 1907, 32, 318. 

5 Chem. Rev. Fett-Harsz-Ind., 5, 5-8 and 21-23. 
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drying may be required. The water can also be estimated by 
difference. 

Fat, and Non-fatty Impurities.—1o grm. are gently melted on the 
water-bath, and heated for about an hour with 3 to 5 drops of hydro- 

‘chloric acid, with frequent stirring, to decompose the lime soaps. The 
fatty matter is then dissolved out with 4o c.c. of petroleum spirit, 
which is poured through a tared filter-paper into a weighed flask. The 
insoluble matter is rinsed on to the filter, well washed with petroleum 
spirit, dried, and weighed. The fatty matter is estimated by dis- 
tilling off the solvent and drying at 100 to 110° until constant. 

Ash.—This is estimated by careful combustion of a weighed 
quantity of the fat. The calcium in the ash, existing chiefly as car- 
bonate and oxide, is estimated by titration, and the corresponding 
amount of lime soaps calculated from the result, 260 being taken as the 
average molecular weight of the fatty acids. When sand, calcium 
phosphate, etc., are present, a quantitative analysis of the ash may be 
necessary, but this is seldom required. 

Unsaponifiable Matter.— When the bone fat is intended for soap- 
making, the unsaponifiable matter should be estimated, as any 
amount in excess of that natural to the fat, say 2%, must be regarded 
as an impurity. 

Titer Test.—The titer test of the mixed fatty acids is estimated by 
Dalican’s process, as in the case of tallow and other fats. 


HORSE FAT. 


(See also p. 72.) The fat of the horse is light or dark yellow in 
colour, and varies in consistency according to the part of the animal 
it has been obtained from. It consists of the esters of oleic and linoleic 
acids (the latter constituting about 10% of the total fatty acids), and of 
saturated fatty acids of which palmitic acid is probably the chief con- 
stituent. Horse fat is sometimes used as an adulterant of lard and 
tallow. 

The following results of examination of horse fat and oil have been 
published by Dunlop: 


1 Analyst, 1907, 32, 318. 
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eae 
oo, =I ae vat 
yr a ie ee ee | S "aire | S 
“ae ae B BSS | 2 
Fat or oil from Colour and Bo Ho g fate alla ay | as 
consistence an oD eet Dla ete el] OS, Nae 3 
oe | be a G2) o3igei.2 
$28 | 3 | a8 | 3/88/38 
a ns econ! > te ae > 
| | 
| | 
Tames ell yc yrere ceva rapes reialc Orange-yellow, |...... 59.8 85.66 | 198.4|....|0.54| 8.80 
f butter-like | | | 
2f Neck (‘‘mane’’)... Light yellow, |...... 61.2 SOR FON TOORT | c.ce ites tO. 50 
part liquid | | 
3) Neck after filtra- | | 
toOmnat Tana ae os Lemon- o.9182| 61.8 GOVLO Wt ty rs |0.3010.46 
yellow oil | | 
4{ Neck (“‘mane’’)...| Light ee nai 61.2 GOLA sens : 
; part liquid | | 
5] Neck after filtra- | | 
tion ati8'.9°... Lemon- 0.9184) 61.8 93-11 |195.6|0.20/0.50| 1.20 
, yellow oil | | 
6 { Kidney bed....... Orange-yellow, |...... GGFon lt TrO.OS Wec.s ie 
part liquid | 
7) Kidney after filtra- | | 
TOM APES iS fecieke Osinge: yellow 0.9212| 66.7 | 114.85 |196.3/0.35/0.68 
oi | | 
8 Oil from neck fat. . Pemon yellow 0.9211| 66.0 112.85 |196.3).... 0.42|0.46 
oi | | 
| | 


Dunlop calls attention to the high iodine value, especially of the fat 
from the kidney bed, which, in the case of most animals, gives a low 
value. ‘The drying properties of horse fat are very marked, especially 
at high temperatures. The oils numbered 4 and 5, when exposed to 
the air in thin films on glass at 95 to 97°, became sticky in two hours, and 
dried to a varnish in 4 hours. No. 5 sample, tested in Redwood’s 
viscometer, required 286 secs. for the outflow of 50 c.c. at 21.1°. No 
stearic acid was found in Nos. 1 and 4 samples by Hehner and 
Mitchell’s method. 


LARD. 


(See special article.) 


MUTTON FAT. 


(See also page 72.) Mutton fat is, as a rule, more solid than beef 
fat, but varies in composition and general characteristics according 
to the part of the sheep from which it is derived (see under “Tallow’’). 
The fat from the region of the kidney, for instance, is hard, while 
that from the neck is almost fluid. Besides its use as a food, mutton 
fat is employed in the manufacture of soap, candles, and lubricants. 
It is also used as an adulterant of lard and butter. 
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TALLOW. 


(See also page 72.) Tallow is the fat of certain ruminant animals, 
separated from the cers membrane of the tissue by the process 
of melting out or “rendering.” Tallow is classed commercially as 
“beef” and “mutton” tallow, but each of these may comprise the fat 
of other animals besides the ox and sheep. 

Pure tallow is white and almost tasteless, but much of that in com- 
merce has a yellow colour and a disagreeable rancid flavour. 

In chemical composition, tallow is composed essentially of the gly- 
cerides of palmitic, stearic, and oleic acids, but these do not wholly 
exist as simple esters, as was formerly believed. Hansent has isolated 
from beef and mutton tallow palmito-distearin, stearo-dipalmitin, 
oleo-dipalmitin and oleo-palmito-stearin. On the other hand, 
Boémer? has found about 1 1/2% of tristearin in beef tallow, 4 to 5% 
in pressed beef tallow, and 3% in mutton tallow. According to 
Farnsteiner3 the unsaturated acids include a small amount of linolenic 
acid. Hehner and Mitchell,4 in a sample of beef ‘‘stearine”’ of 
iodine value 2.0, found 50.62% of stearic acid. In several samples 
of beef tallow, Lewkowitschs found from 21 to 22% of stearic acid. 
The following table of results by Hehner and Mitchell shows the per- 
centage of stearic acid, etc., found in the fat from different parts of a 
Scotch sheep 18 months old: 


- <4 - | stearic acid in : 
eattroee pee oe iad eeurated fatty pera s: of bay he . of weet 
0 acids, % at - atty acids 
2 26.2 | 
Katey. Aen ree ann f 58.0 48.16 45 .6° 
IBaC kere. came » 24.8 78.0 ODEs 41I.4° 
INGCk aa cseeneuill  ) LO.d! 36.0 48.6 422° 
IBIREBIS Remedies oo 6 About 1 Vaio) 58.2 33 .8° 
ELAM ct tohate ays Nil Nil 50.6 40 .8° 


The ham fat was fluid, and that from the breast was almost fluid, 
at the ordinary temperature. 


1 Arch. Hyg., 1902, 42, 1. 

2 Zeitsch. Nahr. Genussm., I907, I4, 90. 
3 Ibid., 1899, 2, 1. 

4 Analyst, 1896, 21, 328. 

5 Oils, Fats and Waxes, II, 639. 


TALLOW. 


209 


The following values have been recorded for the fatty acids of tallow 


(see also page 72): 


. 


Beef tallow 


Mutton tallow 


Sp. gr. at 1009/100°.... 
Solidifying- -point (titer test)... 


0.8698 


38.3°-40.3° | 
Usually 43°-45° | 


Refractive index at 60°...... 1.4375 / 
Saponification value........ TOP 2201), 05 a) 
Iodine value.. 26-41 
Iodine value of. liquid fatty. 

ICIS Bice cat ecm ss aM bi, 92-93 | 


41 .5°-48 .3° 


Authority 


| Archbutt. 
| Lewkowitsch. 


Usually 43°-46° 


1.4374 
Ee} 


34.8 


92-7 


Tortelli and 
Ruggeri; 
Wallenstein 
and Finck. 


Examination of Commercial Tallow.—The tallow of commerce 
frequently contains a considerable amount of free fatty acid. Thus 
Deering found in 25 samples of tallow from various sources the propor- 
tions of free acid shown in the following table: 


Number Free (oleic) acid, % 
of Source : 5:7 ERS 
secapies Highest | Lowest | Average 
| | 
Pennie licciat. s tht swe thos Vee gen a.en ar Dabo De 20 fo s48 
4 JNO OTH IEMA TO Sy omen ood Ae sco cae HAS Schateutete imey fy a Nardin yy 
4 NUR NIEMANN colin canca eas bdae seen 7 eT Ole Ss) se On 
2 Aon. tall ovgrrks wiece. ose rade Cries aes Ghose ae Sha S675 
I LOE catoy' Jakarta LAE Clo claa ao 5 oars 2 TOM wer nears J oteeees 
I ‘Town tallow, 6 years AG ts Beate | 25.0 | ...... Ittersanretes 
88 samples examined by Archbutt gave the following results: 
See Free (oleic) acid, % 
of Source 
sapaples Highest | Lowest” Average 
see ees = = See Se Se ee Se Tie - os 
55 Elomenmel tedium. sirereis sane usin eet TE,0OH) 40 4.89 
9 AUISiraliamciGhOMl seg. hes hison hearers es 12.84 | 1.00 4.84 
i SoutheAmenicannbeels,. on uwicac esas sear. 7.60 | 0.70 ZO, 
I2 Wintlsinoswan peice © eeocie ais ena geen vin al 10.60 | 1.30 4.65 
I (Ghalantoyi walae hintaan: Ge Gia Die oes Die ote Ole 83 .60 sean eee ao 


17]. Soc. Chem. Ind., 1884, 3, 540. 


Vol. Il.—14 
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227 samples of tallow, supplied to a specification limiting the free 
(oleic) acid to 4.0%, contained a minimum of 0.5%, a maximum of 
26.2%, and an average of 2.86% of free (oleic) acid.* 

The free acid in 36 samples of Australian tallow examined by 
Norman Tate ranged from r.20 to 4.70, and in 277 samples reported 
by Schestakoff? the free acid found was as follows: 


Number of samples Description | Maximum, % Ne Minimum, % 
ty AN 
158 Fe h aeedine 56.2 Ses 
65 Ox tallowss. astro 27.0 Ot 
0.33 


54 Mutton tallow.--...<.- 10.7 


Large proportions of free acid may be due to adulteration of the 
tallow with wool-grease acids or stearic acid from cottonseed oil, 
but they are usually due to hydrolysis of the tallowitself having occurred 
previous to the rendering of the fat. From whatever cause produced, 
free acid is objectionable and depreciates the value of the tallow 
to the candle- and soap-maker, besides unfitting it for use as a lubricant. 

Tallow frequently contains more or less water, infusible matters, 
and mineral impurities, and has been occasionally purposely adul- 
terated with starch, china clay, whiting, barium sulphate, etc. Fats 
of greater fusibility, especially bone fat, may be present, and wool- 
grease acids and cottonseed ‘“‘stearine’’ have been extensively used. 
Cakes of tallow are said to have been met with the interior of which 
consisted of inferior fats. 

The presence of water, starch, and insoluble substances generally 
can be detected and their proportion roughly ascertained by melting 
a fair sample of the tallow in a graduated cylinder heated in a water- 
bath, and reading off the volume of impurities which settle out. The 
insoluble matter in samples of tallow representing large lots is usually 
under 0.2%, and the water rarely exceeds 1.0 to 1.5%. Water can be 
accurately estimated as described under “Lard.” Insoluble impurities 
can be estimated by dissolving 10 to 20 grm. of the tallow in ether 
or petroleum spirit, filtering through a tared filter-paper, well washing 
the paper and contents with the solvent to remove fat, drying at 100°, 
and weighing. The residue on the filter may be examined under the 
microscope, when starch, gelatinous matter, or fragments of tissue will 


1 Archbutt and Deeley. Lubrication and Lub 
* Chem. Rev. Fett-Harz-Ind., 1902, 9, 180. Ss alageaaiae 
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be readily recognised. Starch may also be detected by boiling the 
residue with water and testing the solution with iodine. Lime soap 
will be detected by warming the residue with dilute hydrochloric 
acid, when globules of fatty acids will rise to the top of the liquid, and 
the latter, after filtration, may be neutralised and tested for calcium 
with ammonium oxalate. Any effervescence of the residue, on addi- 
tion of hydrochloric acid, will probably be due to whiting. 

For the detection of foreign fats, paraffin wax, rosin and rosin oil, 
‘the quantitative reactions and a few special tests usually suffice. 

The saponification value of tallow may range from 192.5 to 198, and 
averages about 195. Paraffin wax would lower this value; palm-nut 
and coconut oils would raise it. Bone fat, cottonseed oil, and cotton- 
seed “‘stearine”’ do not affect this constant. 

The zodine value of genuine tallow has been found to range from 
about 33 to 48, but the usual range is from 4o to 45. A value higher 
than 48.0 would be suspicious, and might be due to the presence of 
cottonseed oil or ‘‘stearine,” horse fat, or bone fat. An abnormally 
low value might indicate paraffin wax, coconut oil, or palm-nut oil. 

Smetham! has published the iodine values of 1,000 samples of com- 
mercial tallow, estimated by Hiibl’s method. Unfortunately, no 
attempt was made to discriminate between pure and adulterated sam- 
ples, but as tallow is not often adulterated, the averages of such a large 
number of samples cannot be far from the averages of pure tallow of 
the respective kinds. 


SO 


Number of samples Description Average iodine value 

592 ome mel tedicury- eee eerie 42.81 

40 INOrta Am enlCamennricice s/s sree 46 .03 

5 SouthsAmerican’. (24..5 ace. oe 41.02 

62 Australian, unclassified......... 43-61 

69 Australian muttonver ele 42.83 

13 Aris traliamubeehaces serride aol mee Asan, 

6 Beet thetic atic nue Sis ats nensts 41.42 

I2 IMGUTLOW ss saree crre 2 ee ahr 41.61 

195 Wnelassified.....2... sibstsiavstoce= Bs 43.61 


Cottonseed oil and cottonseed ‘‘stearine,” besides being indicated 
by the raised iodine value, would probably be detected by Halphen’s 
colour test. The nitric acid test must be used with caution, since it 


1 J. Soc. Chem. Ind., 1899, 18, 330. 
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has been observed that tallow which has not been washed and purified 
and which, therefore, contains particles of blood, etc., acquires a 
light brown colour when agitated in a melted state with 1/5 of its volume 
of nitric acid (sp. gr. 1.38). L. Mayert recommends an examination 
of the “oleine” obtained by allowing the melted tallow to crystallise 
for 18 hours at 35° and then squeezing the liquid portion through 
filter cloth. The iodine value of this should not exceed 55 if the tallow 
be genuine, but in presence of cottonseed oil or stearine a much higher 
value will be obtained. A more scientific test would be the estima- 
tion of the zodine value of the liquid fatty acids, those of tallow absorbing 
92 to 93% of iodine, while the liquid acids from cottonseed oil absorb 
nearly 150%. Vegetable oils and fats generally would be detected 
by the phytosterol acetate test (page 301). 

Tallow has been occasionally met with which has been largely 
adulterated with the distilled fatty acids from wool grease. Mayer? has 
described a sample which consisted almost exclusively of such fatty 
acids. It had a very high acid value, smelt strongly of wool grease, 
yielded only 0.2% of glycerol on saponification, and when the aqueous 
solution of the soap was shaken with ether and the ethereal solution 
separated and evaporated, a considerable amount of unsaponifiable 
matter containing cholesterol was obtained which gave a_ violet 
colouration, changing to blue, when evaporated with concentrated 
hydrochloric acid and ferric chloride. Mayer states that 5% of wool 
grease can be detected in tallow by this method. The fatty acids 
separated from the soap formed in the above process turned yellow in 
a few days, and after several months had acquired a deep orange- 
yellow tint. 

The presence of bone fat would be indicated by an excessive amount 
of ash, containing calcium phosphate. In 5 samples of bone fat 
examined by Valenta the amount of ash ranged from o.r1 to 2.01% 
averaging 1.32%. Genuine tallow leaves a mere trace of ash. Tallow 
containing bone fat would most probably be very acid. 

Horse fat would tend to make tallow yellow in colour and soft. 
It would raise the iodine value and would also lower the titer test of 
the mixed fatty acids. Horse fat contains no stearin. It has marked 
drying characters, and the intense yellow colour of ethereal solutions of 
the unsaponifiable matter appear to be characteristic of this fat.3 

cee pont, J., 1883, 247, 305. 

§ Dunlop. Analyst, 1907, 32, 317. 
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Paraffin Wax, which is sometimes added to soft tallow and usually 
reveals its presence by reducing the saponification value, can be es- 
timated by separating the wnsaponifiable matter, which, in genuine 
tallow, does not exceed 0.4 to 0.6%. The same process would indicate 
the presence of rosin oil and also wool fat. 

Palm-nut and coconut oils, besides raising the saponification 
value, would increase the Reichert-Meissl value and reduce the Hehner 
value. 

The varying quality and frequent adulteration of tallow some years 
since caused the French candle manufacturers to adopt a process of 
assaying samples for the relative proportions of oleic and solid fatty 
acids. ‘This they effect by Dalican’s method, which consists in esti- 
mating the solidifying point of the mixed fatty acids by the ‘‘titer test”’ 
(see p. 55). The lowest permissible solidifying point of the acids is 
often fixed at 44°, corresponding to a mixture of oleic and solid fatty 
acids in equal proportions. The following table by F. Dalican shows 
the approximate yield of solid fatty acids (“stearic acid’’) from 100 
parts of tallow. The corresponding oleic acid may be found by sub- 
tracting the percentage of solid acids from 95.00. 


Solidifying Solid acids; Solidifying Solid acids; Solidifying | Solid acids; 
point;° 4) point ;° 0 point ;° o 
i} 
40.0 35515 43-5 44.65 47.0 57-95 
40.5 36.10 44.0 47.50 47.5 58.90 
41.0 | 38.00 44.5 | 49.40 48.0 61.75 
41.5 38.95 | 45.0 Siege 48.5 66.50 
42.0 | 39.90 | 45-5 Sa625 49.0 41.25 
42.5 42.75 46.0 53-20 49.5 72.20 
43.0 43.70 | 46.5 55.10 50.0 75.05 
| 


The titer test of tallow used for making railway wagon axle grease 
should not fall below 41°. 


X. WHALE OIL GROUP. 


Codliver and Allied Oils. Herring Oil. 
Shark-liver Oil. Seal Oil. | 
Menhaden Oil. Whale Oil. 


Sardine Oil. Japan Fish Oil. Porpoise Oil. 


CODLIVER OIL. 


(For constants see p. 73.) Strictly speaking, codliver oil is the oil 
obtained from the liver of the cod, Gadus morrhua, but the closely 
analogous oils obtained from the livers of other species of Gadus and of 
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the Gadide family, such as the ling, coalfish, hake, haddock, and 
whiting, are frequently mixed with codliver oil and cannot in the 
present state of our knowledge be distinguished from it. 

The best Norwegian codliver oil? is extracted from the fat livers of 
the cod caught in the early part of the winter fisheries in the Lofoden 
Islands. At this season of the year cod is about the only fish caught 
in that locality, and there is little opportunity of mixing other fish oils 
with it. ‘The Finmark oil is more liable to be mixed, as the cod caught 
there are accompanied by large numbers of haddock, ling, and other 
fish.2 Newfoundland codliver oil is considered inferior to Norwegian 
for medicinal purposes, and is sometimes largely adulterated with 
menhaden and seal oil.3 Lewkowitsch states that commercial ‘‘ Coast 
cod oil” is a liver oil which may have been obtained from any fish 
which the trawlers’ nets bring up from the open sea; it may, therefore, 
contain oil from the shark, dogfish, etc., in addition to those mentioned 
in the first paragraph. 

Several qualities of codliver oil are recognised in commerce: pale, 
used only in medicine; light brown, an after-yield, of inferior quality, 
but still largely used in medicine; and dark brown, or tanners’ oil, 
obtained by roughly boiling down the livers remaining from the fore- 
going processes. 

The purest codliver oil has a pale yellow colour, and is never quite 
colourless unless artificially bleached. It is limpid, has a slight 
odour and taste, and a faint acid reaction. If prepared at a high 
temperature, or if the livers be allowed to partially putrefy, the acid 
reaction is more decided and the colour pale or dark brown, the 
darkest varieties being transparent only in thin layers, and having a 
repulsive, fishy odour, and bitterish, acid taste. 

The composition of codliver oil is very complex and not yet fully 
known. By fractionating the methyl esters of the fatty acids in 
vacuo, Bull4 found that about 80% distilled over below 240°, and from 
these he obtained the saturated acids, myristic and palmitic, with a 
small quantity of stearic acid, the unsaturated acids, oleic and erucic, 
and two new acids, to one of which he gave the formula C,56H,,0., and 
to the other C,,H,g0,. The latter he named gadolinic acid; it is said 
to occur in large quantity. By the sodium-salt-ether method Bull! has 


1U. S. Consular Report No. 1843, Jan. 6, 1904. 

?Mann. Pharm. Jour., 1903, 71, 840. 

3 Sage. Chemist and Druggist, 1903, 62, 571. 

4 Chem. Zett., 1899, 23, (2), 996 and 1043. Berichte, 1906, 39, 3570. 
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also isolated from Norwegian codliver oil from 17 to 21% of highly un- 
saturated acids, absorbing from 306 to 324% of iodine, which he 
states belong mainly to the series C,H,,—sO0,. (See also under 
“Sardine Oil.””) These various acids exist as glycerides. Allen ob- 
served the presence of a sensible quantity of cholesterol and of volatile 
fatty acids. The latter, however, appear to be secondary products, 
due to putrefactive changes in the livers, and are not met with in medic- 
inal codliver oil. 

The following bases have been isolated from codliver oil: butyl- 
amine, isoamylamine, hexylamine, dehydrolutidine, morrhuine, and 
aselline. ‘Trimethylamine, derived probably from the decomposition 
of the liver tissue, has also been detected. 

The presence of biliary compounds, as stated by earlier investiga- 
tors, is now denied. 

Codliver oil contains traces of iodine and sometimes of bromine, 
but the form in which these elements exists is unknown. ‘The propor- 
tion of iodine, judging from the statements of different investigators, is” 
variable. ‘The question has been reinvestigated by E. C. Stanford, who 
found the proportion of iodine to be extremely minute, ranging from 
0.138 to 0.434 mg. per 100 grm., with an average of 0.322. The pro- 
portion in the flesh of dry cod-fish and herrings is considerably larger 
than in codliver oil. 

The mixed fatty acids of codliver oil have been found to possess the 
following characters: 


Authority 
Refractiveindex at 66° Rs. 2a. ssc se cw I.4521 Thoerner. 
Solidifying-point (titer test) 
INGEN ONES, edie Son ey Cn opac teen Bae (3539-7 3).0° * Lewkowitsch. 
Vecicimalhoileemmrctmarm ats selse rivera tr ave tners 14 .5°—-18 .4° Lewkowitsch. 
(Coast cod) Olle Sary.cae ois citaee eins alk aR 18 .7°-19 .3° Lewkowitsch. 
Darkeunrackedoilm qnjciamioe ect ors hae 22 .5°-24 .3° Lewkowitsch. 
MOdine ms Vallone tania rete: wicleret cs atarrster | r64—17I Parry. 
Mean molecular weight.......2......+.-.- 287-290 Parry. 


Examination of Codliver Oil.—Codliver oil to which iodine or 
compounds of iodine have been purposely added is employed in medi- 
cine. These additions are dissolved on agitating the oil with alcohol, 
and can be detected in the spirituous solution by the usual tests. The 
ash left on igniting natural codliver oil contains no trace of iodine, 
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but if an iodide has been added it will be found in the incombustible 
residue. The usual proportion of iodine in iodised codliver oil is 
about 0.1%. 

A ferrated codliver oil is also employed, containing about 1% of 
ferrous oleate. 

Good medicinal codliver oil should deposit no solid fat at o° (Pharm. 
Germ.), but a granular crystalline deposit is often produced on cooling 
oils of the lower qualities. 

The British Pharmacopwia describes codliver oil as pale yellow, 
with a slight fishy, but not rancid odour. It states that it is the oil 
extracted from the fresh liver of the cod, Gadus morrhua, by the applica- 
tion of a temperature not exceeding 180° F. (82.2°); and from which 
solid fat has been separated by filtration at about 23° F. (—5°). It 
states that no solid fat should separate on exposure of the oil for 2 
hours to a temperature of 32° F. (0°), but no test is given by which the 
oil from Gadus morrhua can be distinguished from allied oils.7 

As previously stated, the “codliver oil’? of commerce is in practice 
obtained from several members of the Gadide@, or cod family; and, as 
long as it is produced from these fish solely, little exception can be 
taken. The livers of various other fish are, however, apt to be em- 
ployed, and the detection of the substitution is very difficult. Adul- 
teration with fish oils, such as menhaden oil, with blubber oils, such as 
porpoise, seal, and whale oils, and with mineral and rosin oils is also 
practised. 

The constants of a number of fish-liver oils other than codliver oil, 
many of which were prepared from the fresh livers by Thomson and 
Dunlop and were, therefore, undoubtedly genuine, are given in the 
table on page 221. Thomson and Dunlop,? who have studied the 
question carefully, are’of opinion that, so far as present knowledge goes, 
taking into consideration the wide limits of variation of cod oils and the 
small amount of information we possess of the others, coalfish, haddock, 
hake, ling, whiting, and skate liver oils are practically undistinguishable 
from each other and from codliver oil by chemical or physical tests. 
They also believe the detection of seal oil to be almost impossible by 
chemical methods, and whale oil difficult. The smaller yield of bromi- 
nated glycerides, however, enables seal and whale oils to be detected 


1 The United States Pharmacopceia describes codliver oil Sar da: i i 
the fresh liver of Gadus morrhua Zinni, and of other Medes of Gouna A SE ae 


2 Papers read before the Association of Public Analysts of Scotland, June, 1905, and Jan., 
1906, 
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and may eventually be found useful in detecting some of the others, such 
as coalfish oil. The liver oils, such as shark and dogfish, which 
contain large amounts of unsaponifiable matter may be detected by 
means of this characteristic, if present in sufficient proportion, and 
porpoise oil can be easily detected, even in small proportion, by means 
of its high saponification and Reichert values. 

The sp. gr. of codliver oil ranges from about 0.922 to 0.930 at 15.5°, 
the darker varieties being generally the heavier. The United States 
Pharmacopeeia demands a sp. gr. of 0.918 to 0.922 at 25°, which 
corresponds with about 0.923 to 0.927 at 15.5°. The oil from fish 
allied to the cod is sometimes of a slightly higher sp. gr. Thus, that 
prepared in Grimsby from a mixture of the livers of cod, haddock, 
ling, and whiting has a sp. gr. of 0.930; while the product obtained 
in Aberdeen from haddock livers has a sp. gr. of 0.931, is somewhat 
less viscous, and develops more heat with sulphuric acid than the 
other varieties of codliver oil. A sample of very much decomposed 
(44% free acid) brown codliver oil examined by Bull had a sp. gr. 
of 0.941. It is evident that the sp. gr. affords no reliable indication 
of the presence of other fish oils in codliver oil. 

The iodine value (Wijs) usually ranges from about 154 to 170, 
but a value as high as 181 has been recorded (Wijs). With reference 
to some of the very low numbers, below 154, which have been published, 
it may be noted that values estimated by the Hiibl method are from 
6 to 10% lower than those by the Wijs method for this oil, also that the 
oil from decomposed livers is lower in iodine value than that from fresh 
livers. 

The saponification value ranges from about 179 to 190. A lower 
value might be due to shark liver or dogfish liver oil, if accompanied by 
an excessive amount of the kind of unsaponifiable matter characteristic 
of those oils, or it might indicate the presence or. rosin or mineral oil, 
which would be found wholly in the unsaponifiable matter. An 
abnormally high value might be due to porpoise oil. 

The refractometer is of limited use, except as a rapid sorting test, 
and in this respect it is inferior to the iodine value. Dowzard* found 
the refraction of 13 samples of Newfoundland and Norwegian and 1 
sample of English codliver oil to range from + 43.5 to +45.0 when tested 
in Amagat and Jean’s oleo-refractometer at 22°, while 3 samples of pale 
seal oil ranged from +32.0 to +32.5, and he gave a table showing that 


1 Pharm. J., 1898, 532. 
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20% and upwards of seal oil could be detected by this instrument. 
But Pearmain’s numbers (+40 to +46 for codliver oil and +30 to 
+36 for seal oil) show a much wider range for each oil and a much 
smaller difference between the two oils. Further tests of authentic 
samples with this refractometer seem desirable. Utz* states that 
Newfoundland and Norwegian oils can be distinguished by means of 
the butyro-refractometer, and gives the following values. For compari- 
son, results by Lythgoe,? Liverseege,3 and Thomson and Dunlop are 
also given. 


Descrip- 

Benet Newfoundland Norwegian yee eer Unknown | Unknown 
oi 

Observer Utz Liverseege Utz Liverseege| Thomson and Dunlop | Lythgoe 

| 

F6°A So..8-80 sole wn aia Ba\0=86. Filer. cme eter mpaleesntannstetne 82.5—-85.1 
BO TNF 7s —7 Otel liv sievers otere CASO tae Mle BcucthO crue Jevesefeesefecsereeges 79.3-81.9 
Pitas anette Cree %6.38=70O)|\oucdeee sate 79.7-80.0| 75.7| 78.0| 76.0-76.5| 76.2—-78.8 
BOON a Vrys Set ogers beso teieescsiak esol eteneate eros | Point asst 66.47] 69.0) 67.0-67.5).<..0..205 


The Reichert-Meissl value of genuine codliver oil should not exceed 
about 0.4. A higher number would indicate that the oil had been pre- 
pared from livers which had undergone putrefaction, and in this case 
the iodine value would be lower and the sp. gr. higher. In illustration 
of this, Thomson and Dunlop give the following results: 


EFFECT OF OXIDATION ON CODLIVER OIL. 


Sample A Sample B 
After After 
ee | oxidation oe oxidation 
SPR PEVAt PESO. Acta tadente seer neers a 0.9263 0.9321 0.9248 0.9378 
Butyro-refractometer at 25°...... yiewne® 2 | fae 7ST 77.3 
Jodine value/(Wijs) sess yee | PO7 93 164.2 153-7 143.4 
Saponification value ............ 187.9 190.7 186.0 197.0 
Reichert-Wollny value ........... 0.4 I.4 0.5 38 
Breeu(Gleic) Racidtarawios oaks I.20 Backs 0.20 2.25 


An abnormally high value might be due to the presence of porpoise 
oil, which has such a high Reichert value that a very small quantity 


would betray its presence. 


1 Zeits. offentl. Chem., 8, 304. 
2 J. Amer. Chem. Soc., 1905, 27, 887. 
3 Analyst, 1904, 29, 210. 
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The unsaponifiable matter in genuine codliver oil contains cholesterol, 
and does not exceed 1.5%. A higher percentage would indicate the 
presence of shark-liver oil, dogfish, sunfish, mineral, or rosin oil. The 
presence of phytosterol would prove the presence of vegetable oil. 

Free fatty acid in fresh codliver oil should be very trifling in amount; 
medicinal oil should not contain more than 1 to 1.5% as a maximum; 
but in dark coloured, partially decomposed oils the acids may amount 
to 20 or 30% or even more. 

The yield of insoluble brominated glycerides from some fish oils, 
notably seal oil, is much lower than from codliver oil and is the most 
characteristic test yet discovered for the detection of these oils. In the 
following table, some results by Hehner and Mitchell, Walker and 
Warburton, and Lewkowitsch are summarised in the first column, an 
in the second Procter and Bennett’s ‘“Bromide Values” are given. 
These figures show the possibilities of the methods and the desirability 
of collecting further data: 


Percentage yield of 
= 5 brominated glyceride| ‘‘Bromide value”’ 
ee by ease and __| (Procter and Bennett) 
Mitchell’s method 
Codlivers browns: aaa es oor J tree eeees 60.4 
Codliver) undescribed: 5.5555. 2.1. =< BARS A2K@ I seer ae nee 
Codliver, Newfoundland........... Bip.0 | 49.0 
CodlivermMGller Sas see nev ce Cet a ieee rere ae ae | 42.1 
Menhaden tare terncrs ie strgta te-cus Saleen s Meese ne ese | 53 -3-59-9 
JBimewlal dotende bale, es eeiche aren 9 En eeene aioe  oxcne Stee | 44.8 
WV ales sae eiiciysiteacssa faeces eter: cin 7— 2600 | 273-37 «4 
Coalish wire aiiiae ateassh  @ Yohas neateas | 29.8 
Seal tere ses Poet erent cies ares vcs) la Geasbyasere css | 13 .9-I4.1 
Slizia el Grkion coe coe nego 86 Coben om 20.2-22.0 16.5 
apanefishaemer. pate e: = aterm PEAS) pie? Se sennci Meta. 
ATEITA SEC Clee Site anise cts eee op Suent DR THe oli | 24.8 
| 


As most vegetable oils other than linseed yield no bromoglycerides, 
or only very small amounts, a low yield might be due to the presence of 
a vegetable oil. The phytosterol acetate test would decide the question. 

The British Pharmacopceia gives the following colour test: 

“A drop of sulphuric acid added to a few drops of the oil on a porce- 
lain slab develops a violet colouration.” 

In the United States Pharmacopeeia the following three tests are 
given: 


220 MODES OF EXAMINING FATS, OILS, AND WAXES. 


1. “If x drop of the oil be dissolved in 20 drops of chloroform and 
the solution shaken with 1 drop of sulphuric acid, the solution will ac- 
quire a violet-red tint, rapidly changing to rose-red and, finally, 
brownish-yellow.” (In the German Pharmacopeeia the oil is directed 
to be dissolved in carbon disulphide instead of chloroform.) 

2. “If a glass rod moistened with sulphuric acid be drawn through 
a few drops of the oil on a porcelain plate, a violet colour will be 
produced.” 

3. “If 2 or 3 drops of fuming nitric acid be allowed to flow along- 

side of 10 or 15 drops of the oil, contained in a watch-glass, a red colour 
will be produced at the point of contact. On stirring the mixture with 
a glass rod, the colour becomes bright rose-red, soon changing to lemon- 
yellow (distinction from seal oil, which shows at first no change of 
colour, and from other fish oils, which become at first blue and after- 
wards brown and yellow).” 
' In regard to the above tests, it may be remarked that the violet 
colouration produced by sulphuric acid is characteristic, not of cod- 
liver oil alone, but of liver oils generally. Rancid oils do not give the 
violet colour, but only the red. Thomson and Dunlop have obtained 
the violet colour with porpoise and seal oils which they extracted them- 
selves from the blubbers and, therefore, the test is not exclusively 
characteristic even of liver oils. It is, in fact, really of very little use, 
and, as Lewkowitsch has pointed out, it depends entirely upon the 
presence in the oil of impurities which the modern processes of ex- 
traction and refining tend to eliminate, so that the purer the oil the 
less marked the indication becomes. As regards the test with fuming 
nitric acid, Tolman has shown that it is liable to give misleading results 
with perfectly genuine codliver oils of American origin. A variety of 
other colour tests have been proposed, but as they are more likely to 
mislead than to afford reliable information respecting the genuineness 
of codliver oil it is not thought worth while to describe them. 

Skate-liver oil, obtained from Raia batis, has been proposed as a 
substitute for codliver oil. It is bright or golden yellow in colour, 
is neutral in indication, and has a slightly fishy odour and taste. It 
darkens but little under the influence of chlorine, and is said to give 
an odour of valeric acid when heated with a solution of alkali. A 


sample examined by Thomson and Dunlop gave the results shown in 
the table on p. 221. 
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SHARK-LIVER OIL. SHARK OIL. 


(See also pages 73 and 223.) The shark oil known in commerce 
is chiefly obtained from the liver of the basking shark (Cetorhinus 
(Selache) maximus), chiefly caught off the coast of Norway, but the 
dogfish and several allied fish also contribute to it. 

Shark oil has been largely employed in tanneries and as a substitute 
for codliver oil, but in England it is now almost disused. 

Owing to frequent adulteration, the physical and chemical charac- 
ters of shark oil have been misstated by many authorities. Thus it has 
been alleged to be of very low sp. gr., a character in all probability 
really due to the presence of a large proportion of mineral oil or similar 
adulterant. Whether or not these oils of low sp. gr. were uniformly 
adulterated is no longer of practical interest, as oil of such character 
is not now met with. The “shark oil” usually indicated 40° to 42° on 
Casartelli’s oleometer, and the analogous ‘‘ African fish oil’’ 48° to 
50° (see foot-note, page 233). 

Shark-oil is peculiar in yielding a very notable proportion of unsaponi- 
fiable matter, consisting in great part of cholesterol. If the sample be 
saponified in the usual way, and the aqueous solution of the soap 
agitated with ether, the separated ethereal layer leaves on evaporation 
a nearly colourless crystalline mass, which, if dissolved in boiling alcohol, 
deposits abundant plates of cholesterol, which yield the characteristic 
colour-reactions. 

Analyses of a number of shark-liver and some other oils are given 
in the following table. It will be noticed that the percentage of 
unsaponifiable matter is irregular. 

Shark oil has been found to yield from 20 to 22% of an insoluble 
brominated ester by Hehner and Mitchell’s process, and the ‘‘ bromide 
value” of a specimen examined by Procter and Bennett was found to 
be 16.5—much lower than that of codliver oil. 

In regard to the three last-named oils in the following table, the ‘“dog- 
fish” is probably Acanthias vulgaris, the piked dogfish, a small shark 
frequently seen in shoal water on British coasts. The “crampfish” 
may be one of the electric rays, Torpedo. The “sanfish’? may be 
the basking shark, which floats with its dorsal fin above the water 
like the true sunfish, Orthagoriscus mola; the latter is not a shark. 
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SHARK-LIVER OIL. 
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MENHADEN OIL. 


(See p. 73.) This oil is obtained from Alosa menhaden, a North 
American fish allied to the herring. It is derived from the whole 
body of the fish, by boiling with water and pressing. It resembles 
codliver oil in many respects, and is used to adulterate Newfound- 
land codliver oil (Sage). It is chiefly employed for dégras and as 
a currying oil. Sometimes it is added as an adulterant to linseed oil. 
Some constants and variables of menhaden oil are given in the following 
table: 


{ 
Thomson | 
Authority and Bull |Liverseege 
Ballantyne | | 
| 
wae Extra Natural 
Description | Brown Be pressed 
SPB Te AteT SO sain cists owetice to. tow eiecalleaelanstapals 0.9311 OnO2O4 |) om a aieceers 
SPE Si. Ab Be Goma. he ciomiaseie es as | O.Q3IT |... sence | eee e sees 0.931 
Butyro-refractometer, 25°......... eer eee bier Ose Akos e 80.7 
iBUtyro-refractOmeter, «4 OSkoc sna s}|esess ce oes) Ite are eters ea oer ne 43.3 
EV@IEN ta TESE Orewa swe sanavscaamieye S| ote ciety eels, ketene taxi Men eae 78° 
Ereer(Oleie)gacides(pceee seme iy, nil 5-4 O25 
Unsaponifiable matter, %........ Laie. 60 1.43 Dic ee On 
Iodine value (Hiibl).............. | 160.0 172.6 139.2 174.0 
SP Saponthication) valuely. esate e| 189.3 188.75 193.0 193.0 


Adulteration with mineral or rosin oil would be detected by esti- 
mating the unsaponifiable matter, which in genuine menhaden oil 
does not exceed about 2%. 


SARDINE OIL. JAPAN FISH OIL. 


(See p. 73.) Sardine oil is obtained from species of sardines belong- 
ing to the family Clupeide. According to a recent paper by Tsujimoto,” 
Japanese sardine oil is obtained from Clupanodon melanosticta T. and 
S., and does not possess the low iodine value commonly attributed to it. 
Three authentic samples examined by him had (Wijs) iodine values of 
180.7, 180.6, and 187.3, respectively (see table below). These samples 
were greenish-brown to reddish-brown in colour, and all deposited 


1The acid used gave 65° with butter fat, and 04° ° wi i i 
A Z ; to 96 h 
® J. College of Engineering, Tokyo Imp. Uaieece. oe. ret ~ 
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large quantities of ‘‘stearine’’ at low temperatures. The iodine values 
of the samples examined by Bull were probably estimated by the 
Hiibl method, and one, at any rate, of the samples (the last), besides 
being a badly decomposed oil, was of very suspicious quality. 

Tsujimoto obtained from the mixed fatty acids 44.2 to 47.1% of an in- 
soluble octobromide derived from an acid of the formula C,sH,30,, 
belonging to the series C,H,,,30., to which he gave the name of 
clupanodonic acid, and states that it constitutes about 13 to 14% of the 
mixed fatty acids from the oil. The free acid liberated from the 
bromide was a pale yellow liquid of a fishy smell, which oxidised in the 
air and formed a dry varnish. Iodine value, 344.4. No insoluble 
hexabromide was obtained. ‘The same acid was found in herring oil 
(3.8 to 6.5%) and in whale oil (8.39%). Bull? had previously assumed 
the existence of highly unsaturated acids of the C,H.,,-sO, and 
C,H.,-100, series in fish oils, and had isolated from a large number 
of different kinds of oil by the sodium-salt-ether method variable per- 
centages of acids absorbing more than 300% of iodine. A sample of 
Japan fish oil examined by Walker and Warburton? gave 21.6% of an 
insoluble bromo-glyceride, and the mixed fatty acids from the same 
sample gave 23.2% of an insoluble bromide by Hehner and Mitchell’s 
process. 

The Japanese sardine oil of commerce is obtained by boiling with 
water and pressing the entire fish. It is liable to be mixed with other 
fish oils. It is principally used in commerce for making soap and 
dégras. 


yo cs) 

Lo ot 3 i) 3 1 a on 

: Source, and | ot Ronee af @ 
Authority description £3 | 3 ERS me 2 ll Spears 
ree Vase ee ee | Sa ee Se | ae 

D ort 3 ° » . 

& = As) n sit 
SBulleeeere Jagan) Cleat) s\ei-¥e| 059283} 1-10 ole vel| el o/-lela« I.96 Pod” (Taqcue ESO oleae 
Bw ee as Japan, white .../0.9338]....-.|--..-- Bass Het |TOasq (EOSR Iso since 
Bulow: Japan, white .../0.9279]......|.....- on 62.0) ||DS Onze | TOTCO) nasa. 
iehhVU Pesiaee TAMAN, WHITE 65/0. 9272.0 oo ole si visi 1.81 Tae NLS Ses. (EOL eal aees 
Ble sates Japan pale brown]o.9324|......|...... 0.95 Grgninyaes) Poo) Olllacmen- 
ASTD Ar taney Japan turbid. ss OL55|. 0. willie core « anos et yes OA. tL Oiaiioce ole 
PRSHIHOGO! 11) CHITA je atele yelehevatliers spe: tvs ©.9347|1.4808]...... 0.66 |180.7W |195.8] 35.4° 
PSH }imMOtom|iCHOSHT eacrseet nell stacterstr 0.9318|1.4802|...... 4.11 |180.6w |196.2| 36.2° 
Tsujimoto | Hakodaté...... Jee... 05903 5O| LT AGSOFl tors 2.58 |187.3W [194.8] 35.8° 


1Chem. Zett., 1899, 23, 1044. 
2 Analyst, 1902, 27) 937- 
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HERRING AND OTHER FISH OILS. 


The following characteristics of commercial herring oil have been 
published by Bull. Figures obtained with sturgeon oil and “whitefish it 
oil are added. 


Free : 
--, | Unsapon- : Saponi- 
Kind of oil Sp. gr | (oleic)) “ igable | TOM | fication 
= ac |matter, %| value 

) 
Herring oil, white, Japanese......... 0.9215 | 0.9 | 10.68 | 132.0] 170.9 
Herring oil, white, Japanese........ On 222 Ak Gheu hs E4te4 i) 175100 
Herring oil, clear, Japanese......... | 0.9254 | 5.4 | 1.58 “+.142.0 | 188.3 
Herring oil, clear, Japanese......... OnQ2 FON 720) )) 2.05 134.8 | 193.7 
Herring oil, turbid, Japanese ...... 0.9202 | 6.0 33 134.2 | 184.6 
Herring oil, cold- filtered, Japanese ..| 0.9202 | 7:3 | 1-39 135-5 | 184.7 
Herring oil, brown, English. 2 deieie el OO3OL A 202, | 52.040) | 132470 ted co 
Sturgeon oll; Amenicamr eye mien 0.9236 O.EL £1.79 125 33 | 080.3 
Whitefish oil, Finmark............ 0.9268 | 2.0 1.75 | 127.4 | 201.6 

| 
SEAL OIL. 


(For constants see page 73.) This oil is rendered in Greenland 
from the blubber of different species of seal, Phoca greenlandia, etc., 
and is subsequently refined in Denmark. Chemically it is composed of 
glycerides of saturated fatty acids (palmitic acid) and unsaturated 
fatty acids, including oleic and physetoleic acids (Ljubarsky). 
Linolic and still more unsaturated fatty acids have also been found in 
seal oil. Thus, Bull obtained from 2 samples 7.78 and 11.96% of 
highly unsaturated acids absorbing, respectively, 306.1 and 330.3% 
of iodine. Procter and Bennett obtained a much smaller yield of 
brominated esters from seal oil than from codliver oil (see under 
““Codliver Oil’’). 

Commercial seal oil varies in colour from very pale yellow (‘‘ Water 
White”) to dark brown, and from the figures which have been 
published by several observers it appears to be very uniform in character. 
Thus, the publishéd sp. gr. numbers at 15° to 15.5° range between 
the narrow limits of 0.9238 to 0.9267, and the iodine values estimated 
by the Hiibl method between 132 and 152. A sample rendered in the 
laboratory by Thomson and Dunlop had a Wijs iodine value of 162.6. 
The published saponification values range from 187.5 (Bull, Sandef- 
jord oil) to 191.4 and the percentages of unsaponifiable matter from 
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0.38 to 1.00, except that in the Sandefjord sample of low saponification 
value Bull found 1.8% of unsaponifiable matter. 

Seal oil readily oxidises and is unsuitable for use as a lubricant. 
It evolves rather less heat with sulphuric acid than codliver oil. At 
15.5° it has about 3/5 of the viscosity of refined rape oil. In the 
butyro-refractometer the following readings have been obtained: 


| 25° | 40° 
— } 
IEIVETSECD Creer RET eet uae hit rem cia tren. BS teiiaa Mina eerai 7224.64.10 
Thomson and Dunlop, Commercial oil,....................-. 73 64 
Thomson and Dunlop, oil rendered in laboratory.............] 76.2 | ...... 


2 samples of oil from the Vikare seal, Phoca fwtida, examined 
by Schneider and Blumenfeld? had distinctly higher sp. gr. and iodine 
values than the ordinary commercial oil, as is shown below: 


Oil from Phoca foetida 


Dar SU aeue EB Ok rare sh todallo a Sasleca dais) cuneate nes oe Sea a Aha osay 0.9321 0.9336 
BEY TOsheira CLomate nea Oona wa iiiy iris t an eneists s/o oj eis atl melo 5, > ase 
Heer (LIC) ra cid Me raemrerreteistctet neon «tie wtreiets see 0.24 0.54 
Todinesyalues (EMD) ieee se ete 3 oii peters sche skea ened a's I9I.3 193.3 

SA VOMMICA MON Valle mercer nie Extn aye are recs tals sie hs 188.5 189.0 
iehmer value ncarca aoe ncacie te esi eo ae nents A owas 95.6 95.8 
Neichert-Vieisslevalwere sterereacidterer tel skels) aisievelo cis obs ss I.55 0.96 


Mixed Fatty Acids. 


Soliditvinp=pointa sagem isseiser" es reise om Sees ee 13 .0° I4.0° 
lodinetvalwe zee tenuis aise cals e sty crave, varchar para eue 195.3 201.8 
INeutralisation Valttewmy er ceo asa ne cmos ees seckeashet 196 198 


WHALE OIL (TRAIN OIL). 


(See p. 73.) Whale oil proper is from the blubber of the Green- 
land or Arctic “right” whale, Balena mysticetus; but commercial 
whale oil includes the oil from the southern right whale, Balena 
australis, and other species of Balenide and Balenopteride (fin- 
backed whales) belonging to the sub-order Mystacoceti, or whalebone- 
yielding whales. The term “train oil,” formerly applied to whale oil, 
is now extended to the oil from the blubber of any marine animals, 
including seals. 

The oils from the different species of dolphin and porpoise (Delphin- 


1 Chem. Zeit., 1905, 29, 53- 
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_ ide) are glyceridic in nature, like ordinary whale oil, but the oils from 
the Cachalot and probably other toothed cetaceans are essentially 
different both in chemical constitution and practical applications, and 
hence are described in another section (see page 232). 

Whale oil is usually extracted by boiling the blubber with water 
and skimming the oil from the aqueous liquid and refuse tissue. 
It is graded according to colour, taste, smell, and acidity; the highest 
grades being pale coloured, nearly neutral oils, of only slight odour, 
and the lower grades dark coloured, acid oils, having a marked and 
offensive ‘fishy’? smell and taste. In the United States crude whale 
oil is separated by refrigeration and pressing into “winter whale oil,” 
congealing at 36° to 40° F. and “‘whale foots” or “‘stearine.”’ Occa- 
sionally ‘‘spring”’ and ‘“‘summer”’ oils are also produced. By the usual 
method of pressing, the oil of the “‘right”’ whale, taken in high northern 
latitudes, gives about 8% of “‘stearine”’; that of the whales taken in the 
vicinity of the equator or south of it, about 15%; humpback or finback 
whales give 12% (United States Fish Commission Report, 1902). The 
whale oil ‘‘stearine,”’ which consists largely of palmitin, is sometimes 
used for soap-making, though the odour of the product indicates its 
origin. The oil from the finback whales is considered inferior to that 
from the “right” whales; some varieties, especially the southern prod- 
uct known in commerce as Bahie whale oil, exhibit strongly marked 
drying properties. The results of examination of a number of com- 
mercial whale oils by Bull' are given in the following table: 


Wo. Sass ee a 

ss a) 5 i so} a > 

Description = Cup | HERS ‘ 5 a 

| es |g | 3 | as 

: H Q s 

ee a ae ae aS e 
Arctic whale oil, refined, American. ...| 0.9234 | 0.95 | 2.11 | 117.4 | 185.0 
Antarctic “right” whale oil, American.| 0.9257 | 0.28 | 1.46 | 136.0 a eae 
Crude white whale oil, American ..... Os0222)) ES 2551 639 127 Aaa rog.© 
Whale oil No. 1, unrefined, Finmark ..| 0.9181 0.4 2.36 | 104.0 | 188.6 
Whale oil No. 2, unrefined, Finmark ..| 0.9182 if rt 3 : es ns A EOSes 
Whale oil No. 3, unrefined, Finmark ..| 0.9162 | 13.3 2.42 | 90.0 |) 185.7 
Whale oil No. 4, unrefined, Finmark ..| 0.9205 | 29.1 | 3.4 89.0 | 182.1 

Whale oil No. 1, refined, Glasgow ....| 0.9214 0.7 oe sip Ray Jen) 

Yellow whale oil, refined, Glasgow... .| 0.9232 | 5.3 | x ie tele een 
Brown whale oil, refined, Glasgow... .| 0.9272 | 18.6 | 3.22 F253 r6o.c 
Dark whale oil, refined, Glasgow ..... 0.9170) | 4Omg: || 3\03'-| ros mn 178.8 


1Chem. Zeit., 1899, 23 (2), 1044. 
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The chemical composition of whale oil is variable. It is composed 
of esters of saturated and unsaturated acids, some of the latter being 
highly unsaturated. Hehner and Mitchell obtained 25%, and Walker 
and Warburton a mean of 15.84% of brominated ester from 2 
samples. Bull, by the sodium-salt-ether method, found a smaller 
proportion of highly unsaturated acids in whale oil than in most other 
marine oils. Tsujimoto found 8.39% of an acid of the C,H,, 30, 
series (see under ‘Sardine Oil’’). 

The amount of unsaponifiable matter is variable, but does not 
exceed 4%. This and the much higher sp. gr. readily distinguish 
ordinary whale oil from the sperm oils. Adulteration with mineral or 
rosin oil would, of course, increase the percentage of unsaponifiable 
matter. Rosin oil is the most likely adulterant. A sample of “whale 
oil”’ supplied for oil-tempering steel, examined by the reviser, had a 
sp. gr. of 0.9608 at 15.5°, required only 7.72% of potash for saponifica- 
tion, and contained 60.3% of unsaponifiable matter of sp. gr. 0.981, 
easily soluble in acetone. 

The recorded sp. grs. of genuine whale oil range from 0.917 (Liver- 
seege) to 0.927 (Bull); the saponification values from 188 to 194 
(Schweitzer and Lungwitz), the low value of 160 obtained by Bull be- 
ing exceptional. The range of iodine values is wide, 89 to 136 in the 
samples examined by Bull, and there was also a fairly wide range in 
the percentages of highly unsaturated acids which he found by the 
sodium-salt-ether method. 

8 samples of whale oil examined by Milrath? in the butyro-refrac- 
tometer gave readings of 63.1 to 70.2 at 25° and 56.2 to 63.0 at 40°. 

The mixed fatty acids of whale oil have been found to possess the 
following characteristics: 


Authority 
100° 
Sp. Gr. at Tooors sess te sees e eee e erences 0.8922 Paras 
Solidifying-point (titer test).............+----- 22.9°-23.9° | Lewkowitsch. 
Butyro-refractometer reading, 40°............. 43-3 Liverseege. 
Vodinerva lier Paccanya tenets etakue lr wilsia loys oles sorters I30.3-132.0 | Schweitzer and 


Lungwitz. 


Whale oil is liable to adulteration with seal oil, which so nearly re 
sembles whale oil that it cannot be detected by chemical means, except 
1 Zeitsch. offentl. Chem., 1907, 19, 371. 
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perhaps by a lowering of the “bromide value” (see under “‘ Codliver 
oil’). 

Whale oil is used as an illuminant and to some extent as a lubricant. 
The lower grades are used in leather manufacture and for tempering 
steel. 


PORPOISE OIL. 


(See also p. 73.) Commercial porpoise oil is derived not only from 
the black porpoise, Phocena communis, usually caught off the coast of 
Denmark and in the Mediterranean and Black Sea near Trebizond, 
but also largely from the beluga or white whale, Delphinapterus leucas, 
caught in the White Sea, the St. Lawrence, and on various parts of the 
Canadian coasts. The oils from the “grampus” or killer whale, 
Orca gladiator, and the various species known as blackfish, especially 
Globicephalus melas, also rank as “‘porpoise oil.” 

Porpoise oil is prepared in much the same manner as whale oil. In 
some instances, oil of a superior quality drains from the blubber at the 
ordinary temperature, but the greater part is obtained by boiling the 
tissue with water. The oil is pale yellow to brown in colour and, ac- 
cording to Schaedler, is composed of the glycerides of valeric, palmitic, 
stearic, physetoleic, and oleic acids. 

The liquid “oleine” obtained from the soft fat of the head and jaw 
by exposing the fat to a low temperature and straining off the oil which 
remains fluid, contains a much larger percentage of valerin and of un- 
saponifiable matter than the body oil. In the case of G. melas, the mass 
of fat taken from the head has the shape of a half watermelon, and the 
liquid oil obtained from it is known as “melon oil.”’ These jaw oils 
are specially prepared in America for lubricating watches and other 
delicate mechanisms, and command a high price. The body oils are 
also used for lubricating. 

Porpoise oil is remarkable for the large proportion of valerin which 
it contains. A sample examined by Allen yielded 5.06% of volatile 
fatty acids, having a mean combining weight of 104.7 (C;H,.O, 
=102). Chevreul, the original discoverer of valeric acid, which he 
isolated from porpoise oil and called “phocenic acid,” prepared 
barium salts of volatile fatty acids equivalent to 9.63% of valeric 
acid, so that the composition of the oil is evidently very variable. 
From a sample of oil from Globicephalus melas Chevreul prepared 
barium salts corresponding to 20.6% of valeric acid, besides a con- 
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PORPOISE OIL. 
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siderable proportion of spermaceti. Hence the oils from the Del- 
phinide appear to form an intermediate group between those of the 
sperm whales and the whalebone whales. 

The different percentages of volatile acid found is no doubt due to 
the difference in composition between the body oils and the jaw oils. 
Steenbuch found valeric acid to constitute 10% of the soluble acids of 
the body oil and 26% of the acids from the jaw oil. Moore obtained 
volatile acids equivalent to 19.91 and 24.30% of valeric acid from two 
samples of jaw oil, but only 2.71% from a sample of body oil. 

Owing to its peculiarity of composition, porpoise oil has a high 
saponification value and Reichert-Meissl value. It is saponified with 
great facility by aqueous potash, the product being coloured reddish- 
brown. With the elaidin test, porpoise oil gives but little solid elaidin. 
The results of examination of a number of samples of these oils are 
given in the table on p. 231. 


XI. SPERM OIL GROUP. 


Sperm Oil. Arctic Sperm Oil. Bottlenose Oil. 
\ Dolphin Oil. 


SPERM OIL. 


(See pp. 73 and 234.) Sperm oil proper is obtained from the 
- head-cavities and blubber of the cachelot or sperm whale (Physeter 
macrocephalus). Several other of the toothed whales (Odontoceti) 
yield allied products, and the oil from one of these, namely, the doegling, 
or bottlenose whale (H yperoodon rostratum) is known under the name 
of ‘‘ Arctic sperm oil.” 

Sperm oil on cooling readily deposits crystalline scales of spermaceti. 
This is removed by filtration, but unless the operation be conducted 
at a very low temperature a portion of the wax is liable to remain in 
solution. 

In the oil refineries at San Francisco the crude sperm oil is separated 
by refrigeration and pressing into: 1. “winter sperm oil,” congealing 
below 38° F., the yield being about 75%; 2. “spring sperm oil,” 
congealing at 50° to 60° F., 9%; 3. “‘taut-pressed oil,” melting at go° 
to 95° F., 5%; and 4. “crude spermaceti,” melting at 110° to grse le. 
11% (United States Fish Commission Report, 1902). 
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Sperm oil is a thin yellow liquid, and when of good quality is nearly 
free from odour. Inferior specimens have an unpleasant fishy smell 
and taste. Its sp. gr. is very low, ranging between 9.875 and 0.884 
ates. 5 6% 

Sperm oil is one of the most valuable oils in commerce. It has 
been found preferable to any other fixed oil for lubricating the spindles 
of cotton and woollen mills and for light machinery generally, owing to 
its limpidity and freedom from tendency to “‘gum.”’ 

Some indication of the peculiar composition of sperm oil was given 
in 1823 by Chevreul. Chevreul’s observations seem to have been 
wholly forgotten until Allen some years since called attention to the 
unique constitution of sperm oil. 

Sperm oil gives on saponification products very different from those 
yielded by ordinary oils. When saponified with potassium hydroxide 
it forms potassium oleate and monohydric alcohols, the nature of 
which is at present unknown. By agitating the aqueous solution of 
the resultant soap with ether, the higher alcohols are dissolved, and 
may be recovered by evaporating the solvent. The fatty acids may 
be isolated by acidifying the soap solution and again shaking with 
ether. From the residual liquid glycerol can be obtained, though in 
much smaller proportion than from most other oils and fats. The 
existence of glycerol has been proved by Fendler? and Dunlop,3 
whose results are given in the following table: 


Oil oe y, | Glycerol, % | Authority 
S POLI MEI eran ve roe tel Screens fecbess HO sy: E232 Fendler. 
@achalot heads asw.yo. cey as ore as 41.16 2.5F Dunlop. 
Gachalotw head vistas. caustic Sele os 42.28 Ts Dunlop. 
Cachalotesbody i natmcty cra. cla siacl« ¢ 44.30 1.36 Dunlop. 
IAT CHCESDEL UM dan Seiag toler nisi neete 2s 38.02 2.56 Dunlop. 
AZCLICLSDELTON amare vials, oat sisieieiaie ses 39.22 2.20 Dunlop. 


The higher alcohols, isolated in the manner described above, form a 
pale yellow, solid, semi-crystalline substance, the m. p. ofwhich depends 
on the completeness with which the oil had been previously purified 


1 Dealers in sperm and similar oils commonly use a special hydrometer, devised by 
Casartelli, on the scale of which water is o° and rape oil 28°. Sperm oil stands at 44° 
to 46° and southern whale oil at about 24° on the same scale. 

2 Chem. Zeit., 1905, 29, 555. 

3 J. Soc. Chem. Ind., 1908, 27, 64. 
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from spermaceti. They are insoluble in water, but readily soluble in 
alcohol and ether, and are volatile apparently without change in a 
vacuum, condensing as a perfectly colourless liquid, of 0.830 sp. gr. at 
100°, which solidifies on cooling to a crystalline mass. The ether- 
residue from sperm oil is apparently a mixture of homologous alcohols 
which, according to Lewkowitscht belong for the most part, if not 
wholly, to the ethylene series. Dunlop has published the following 
results of examination of the unsaponifiable matter (wax alcohols, etc.) 
from six authentic samples of sperm oil from which the spermaceti had 
been removed: 


Butyro- 
Iodine | refractometer 
Description value M3? Gere ee 
ioe 

(Wijs) 25° 40° 

ta. Cachalot oil from ‘‘head-matter”........ 60.43 32-32.5 pe | 380 
tb. Cachalot oil from “‘body-matter”’........ 83.17 | 24.5-2575 | 47.0) 39.0 
2a. Cachalot oil from “‘head-matter”’...... ier fee Ce ae ee oie eee pl elicit) 
2b. Cachalot oil from “‘body-matter”’........ 79-77 23-24 AG LOW tame 
3- Arctic sperm Oil.......... 0... e eee eee 80.35 | 23.5-24 46.9 |) 38.9 
Aaeexe CLIC aS DELO Olan em tree steei eeeeae Die el OO 23 46.2 | 38.2 
SeOOUL Mert Sperm Ol sniyeee ies sree 68.5 26.5 A57 | 37 a7 
Ou southenmisperm Olle \ mere eee 6053'7'|| <-toe- sisi 5 Astegsr ih fein 


The following table contains some further results given by the mixed 
alcohols from Southern sperm (S), Arctic sperm (A), and genuine 
commercial oil (C) the origin of which was unknown: 


Lewkowitsch Archbutt 
Z5-5° 
Sp. gr. at Palen dee ier 0.8535—-0.8588¢ 
S TO0° 
p- gr. at Foe net aretens etn teise el ee Bee anes 0 .8271¢ 
SOMCiy ino POInt CMa mney ee) seis lenceria oF lel ed Ware eT SS 
257-22 OA) ile 5 ee 
VES DORON to oe WE RRA ct opautis acini: eee eat Mi RM ey 
PP nPasSs=26.sR Ar |le2 arte meena ee 
Todinezval we were Mar vate son ancien 04 6785 “Se 65,6-09,.39 
‘ i ae ae 4 OA S-OSN24S0 Ih cme eee 
Get y) sca pOnTICAL Onova ee rc tct eet eee een ee 184.98 
186.24 


1], Soc. Chem. Ind., 1892, 11, 134. 
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The fatty acids from sperm oil appear to be mainly unsaturated 
acids of the oleic series, with small quantities of saturated acids and of 
acids more unsaturated than oleic. Fendler obtained from the mixed 
fatty acids of an authentic sample of sperm oil, by the lead-salt-ether 
method, 14.22% of saturated acids and 87.58% of unsaturated acids. 
Bull, by the sodium-salt-ether method, obtained from four samples 
of sperm and Arctic sperm oils quantities of highly unsaturated acids 
ranging from 3.65% (Arctic sperm) to 7.53 % (Southern sperm), and 
absorbing from 121.2 to 159.5% of iodine. 

The following results have been recorded for the mixed fatty acids 
of sperm and Arctic sperm oils: 


| | : 
| Sperm oil | daa | Authority 
SP ers At Lh. meine acts eiaccaeiece + SIS OO Omen etic er Fendler 
Pepe rnat 15-50 ewer wativerro re nar (ojststole) Bese ceecutrcet| Allen, 
Solidifving point §on senna: 12.4 eee cs rec | Fendler. 
Solidifying-point (Bach), °......... | 16.1 | ansyere) | Archbutt and 
| | _ Deeley. 
Solidifying-point (titer test), °....... Ir.1-1r.9 | 8.3-8.8 | Lewkowitsch. 
IVES Dist Csinen iach ear ry nile hones: 18.8 [vers 2 | Fendler. 
IMIS AD 2S Se ccrcneiatela ese Epa ta bactietoneis all causes acta e | 10.3-10.8 | Lewkowitsch. 
INGE Des On ecigta cfs wmoue Sacre ate eran sucky celliata acme sere | Williams. 
IMSS se CBAC) on nc cctexsiantes ace cetenst 21.4 16.1 | Archbutt and 
Deeley. 
Jodine value........-.:...+...-.-.-.| 93.2-68.1 | 82.2-83.3 | Lewkowitsch, 
| Williams. 
Mean molecular weight............ 281-294 Pere) Allen: 
Mean molecular weight............ BOC MIN EMA trys tosis | Williams. 
Mean molecular weight............ eka. ||| a aaahece Fendler. 
Neutralisation yalue™.-j.5.... <5 o-': 230,250 | hese Fendler. 


Examination of Commercial Sperm Oil.—The peculiar physical 
characters and chemical constitution of sperm oil afford ample means 
for its detection and estimation in presence of other oils. This is 
important, as the high price of sperm oil renders it liable to be mixed 
with or replaced by other oils. 

No means of distinguishing sperm and Arctic sperm oils by chemical 
tests is known. In commerce they are distinguished by their taste and 
smell, and the fatty acids of sperm oil appear to have a somewhat 
higher m. p. than those of Arctic sperm oil, but in other respects they 
are so much alike that it is convenient to consider them together. 
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Authentic samples of the two oils examined by Archbutt and Deeley 


gave the following results: 


Description 


Finest southern 
sperm oil 


Deodorised Arctic 
sperm oil 


SOE, apeaaey US SUSI een cerca piece eR ead ches 
Viscosity (absolute) at 15 .5° 
Freezing-point 
Oleo-refractometer reading at 22° 
Free (oleic) acid, % 
Unsaponifiable matter, % 
Maumené test; 50 grm. oil, 10 c.c. of 
97% sulphuric acid 
Saponification value 
Todine value 


Mixed Fatty Acids. 


MES Dy (BACH) §O% renee art sia soener sia sess ava loins 
Solidifying-point (Bach), ° 


Mixed Alcohols. 


Acetyl saponification value 


Dark golden yellow 
Slight fishy 


0.8809 


0.3915 | 
Practically 


184. 


Paler than No. tr. 
Fishy; more pun- 
gent than No, tr. 
0.8787 
; 0.4148 
solid at 0° 
—T3 
0 
39-7 
44.8° 


I25.0 
81.5 


FOr 
I0.0 


186.2 


A number of samples of southern and Arctic sperm oil, obtained 
from reliable sources, have been examined by Dunlop,? whose results 


are given in the following table: 


Butyro-| Free Wax 5 5 
Cold pigs refrac- | (oleic)| alco- pe aa peponl 
test, ° 25.5° tometer,| acid, |hols, etc., (Wiis) sigh a 
; 25° % % y 
ra ea ae 
rom ‘‘head matter”....] 9.5 |0.8779 é 60 2.28 6. -2 
tb Cachalot, oil Fa : R igo rit 
from “body matter”...| 8.5 |o.8772) 54.8 1.42 | 42.14 |92.85 124.8 
2a ore en ‘ 
tom “‘head matter”’....| 7.0 |0.880 0.0 Xe -16 ‘ 5 
2b Cachalot oil 3 a pee? oak 
from ‘“‘body matter”....] 7.0 |0.8757| 54.6 1.07 | 44.30 |87.90 122.0 
3 | Arctic sperm oil ae aseaye ils leben 0.8806] 55.2 0.73 | 38.02 |88.75 129.0 
Aaleerctie sperm Oil mesiiceree|necin 0.8786) 55.3 I.43 | 39.22 |82.80 124.8 
5 | Southern sperm OU A, iersietace lie tncorere 0.8791; 54.6 1.26 | 47.176 |84.35 129.7 
6 | Southern sperm oil ......|...... Crteb Ackil aed oh as 2.53 | 39.20 |84.37 129.0 


1 Lubrication and Lubricants, 1907, p. 
2 J. Soc. Chem. Ind., 1908, 27, 64. we 
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The oils numbered 1 and 2, from 2 animals, represent the oil after 
removal of the spermaceti from the “head”? and “body” matter, 
respectively; these oils are not usually kept separate in practice, but 
are mixed together, and hence the differences in the iodine and saponi- 
fication values, though noteworthy, are not of practical importance. 

The sp. gr. of genuine commercial sperm oil ranges from 0.878 to 
0.884 at 15.5°. In the absence of mineral oil, Dunlop considers that a 
figure within 0.875 and 0.882 will generally indicate a pure oil. Adul- 
teration with any other fixed oil would raise the gravity, but this could 
be corrected by the addition of light mineral oil. 

The saponification value of genuine sperm oil appears to range from 
about 120 to 137. It would be raised by the addition of a fixed oil 
and lowered by that of mineral oil, but a mixture of the two might 
be added having the same saponification value as sperm oil. 

The nature and estimation of the saponification-products afford 
the most satisfactory means of detecting adulterations of sperm oil, 
which, when genuine, yields from 60 to 63% of insoluble fatty acids, 
and 37 to 42% of ether-residue consisting of higher alcohols. No 
other animal or vegetable oil, except shark-liver oil and oils from allied 
Cetacea (e. g., bottlenose oil), is known to yield more than 2% to ether, 
and, with few exceptions (e. g., porpoise oil and some varieties of 
whale oil), all other fixed oils yield fully 95% of insoluble fatty acids, 
and from 10 to 12% of glycerol. Hence, in a case of adulteration of 
sperm oil with any other fatty oil, estimation of the ether-residue will 
detect the admixture and approximately estimate the proportion. 
Some specimens of shark-liver oil yield a considerable proportion of 
ether-residue, and hence if shark oil be present the ether process will be 
‘rendered inaccurate. Genuine shark-liver oil has a comparatively 
high sp. gr., 0.911 to 0.929, and has a very high halogen-absorption, 
besides giving a well-marked violet colouration and great increase of 
temperature with strong sulphuric acid. 

The foregoing process, if used without discretion, would fail in the 
case of a mixture of mineral oil and a fatty oil in certain proportions, 
but a careful consideration of the results and further examination of 
the products will allow of such a mixture being readily distinguished 
from sperm oil. Thus from an inspection of the figures in the follow- 
ing table it appears that while the saponification-products yielded by 
sperm oil would be approximately simulated by those given by a judi- 
cious mixture of mineral oil with rape oil, in the latter case the sum of 
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the fatty acids and ether-residue would be several units less than 
roo, and there would be a larger proportion of glycerol produced. 
Besides, the ether-residue would probably be insoluble in cold rectified 
spirit (see below), and to obtain a mixture of the same sp. gr. as sperm 
oil, so very light a mineral oil would require to be used that it would 
necessarily be liquid, even at 0°, and would have so low a flashing-point 
that it could without difficulty be detected i in, and even distilled out 
of, the original oil or the ether-residue. Sperm oil does not flash 
below 400° F. 


Products of the saponification of roo parts of oil 


Ether-residue 
Fatty acids Glycerol 
Percentage Characters 

Sperm Oil Oye. Aerie mies 60 to 64 Testo 26 = Mea tora Solid; soluble in spirit. 
Ordinary fixed oils ....| 95 to 96 to to 11 ll Oss tour os ; 
Mineraloill ce woo. 22m. none none 100 gee insoluble in 
Rape oil, 60, | 6 6 ne Lignid; insoluble in 
Mineral oil, 40, J °°" *"~ S7- spirit. 


Although mineral oils are practically insoluble in rectified alcohol, 
Nash? has shown that a solution of sperm-oil alcohols in absolute 
alcohol, and even in alcohol of 0.8345 sp. gr., unless much diluted, 
dissolves mineral oil freely. Absolute alcohol must, therefore, not be 
used in testing the unsaponifiable matter for mineral oil; but if the 
unsaponifiable matter from 5 grm. of a sperm-oil sample be normal in 
amount and completely soluble in 50 c.c. (not less) of cold alcohol of 
0.834 sp. gr., the sample is most probably genuine. Dunlop states, 
however, that even under these conditions a considerable amount of 
mineral oil may be dissolved and lost sight of. The following tests for 
mineral oil are, however, available: 

Holde’s Test.—6 to 8 drops of the oil are boiled in a test-tube for 
2 minutes with 5 c.c. of N/2 alcoholic potassium hydroxide, and to the 
soap solution thus prepared distilled water is added very gradually, 
well mixing after each addition, until from 0.5 to 15 c.c. have been 
added altogether. If mineral oil be absent, the solution remains clear, 
even when mixed with the maximum quantity of water, but the presence 
of even 1% of mineral oil is said to cause the formation of a turbidity. 


1 Analyst, 1904, 29, 3. 
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Careful observation is needed, since the characteristic feeble turbidity 
caused by a very small proportion of mineral oil, which appears 
after the addition of the first few drops of water, disappears again on 
adding more and may easily be overlooked. Rosin oil is said not to be 
detectable in less quantity than 12%. The higher alcohols in sperm 
oil do not interfere, since they remain dissolved in the soap solution 
for some time (Lobry de Bruyn). Dunlop found this test capable 
of detecting as little as 3.5% of mineral oil. 

Flashing-point.—Of 93 samples of sperm oil tested by Veitch 
Wilson the flashing-points (closed test) of only 3 samples were below 
410° F., viz.; 1 sample’ 400° gnd 2,°390°. The others ranged 
from 410° to 485° F., and the averages were 457.5° F. for southern sperm 
oil and 446.2° F. for Arctic sperm oil. Several samples of genuine 
sperm oil tested by Dunlop in Gray’s apparatus flashed at from 410° to 
422°F. A mixture of sperm oil flashing at 416° F. with 5% of ‘‘0.865” 
mineral oil flashed at 361° F., and with 5% of ‘‘0.896”’ mineral oil at 
392°F. A flashing-point below 410° F. would be suspicious, and below 
409° F. would probably indicate adulteration. 

Dunlop points out that the refractive power of the unsaponifiable 
matter may be useful for the detection of mineral oil. The highest 
butyro-refractometer reading he has obtained for the mixed alcohols of 
genuine sperm oil is 47 scale divisions at 25°. The addition of 10% of 
‘9.865’? mineral oil would raise this by about 6 units. 

For the detection of fish oils and blubber oils in sperm oil, the esti- 
mation of the yield of insoluble brominated esters may prove useful. 
Walker and Warburton obtained from 2 samples of sperm oil only 2.5 
and 3.7%, respectively, of brominated esters insoluble in ether, 
while all other fish and blubber oils which have been tested have given 
a much larger yield. Dunlop obtained the following results by 
Procter and Bennett’s method: 


“Bromide value,” =yield % of 
brominated esters insoluble in 
a mixture of CCl, and alcohol 


R@achaloft oil from head matter’. 1... 5 5- Tara 
»-Cachalot olllfrom) “body matter?) .<6..5.10- 6: 2.00 
. Cachalot oil from “body matter”...........- 2.30 
> dase: Gaiannl Clk A Gerona oan dee coguuccoaoe 3.04 
. No, 2 with 10% of whale oil................. 3-68 


naBWNH 
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As whale oils were found by Procter and Bennett to yield from 27 to 
37% of brominated esters, a greater difference between the yield from 
oil No. 2 and mixture No. 5 might have been expected. But 
further experiments are needed. Procter and Bennett themselves 
obtained 6.3% of brominated esters from the sperm oil which they 
tested. 

In examining sperm oil the iodine value is not so useful or so neces- 

sary a test as in the case of other oils. The recorded values have a 
fairly wide range, Dunlop’s figures ranging from 70.3 to 92.8 (Wijs), 
but as these extreme values were obtained from head-matter oil and 
body-matter oil, respectively, and not from the mixed oil, they must be 
regarded as abnormal. A range from 80 to go would include most 
genuine commercial sperm oils, though Bull records a value as low as 
67.1 (probably obtained by the Hiibl method) for an Arctic sperm 
oil containing 42.61% of unsaponifiable matter and having a saponifi- 
cation value of 122.3. Dunlop has pointed out that there is a relation- 
ship between the iodine value of the wax alcohols and that of the oil. 
This will be seen by comparing the iodine numbers given in the table 
on p. 234 with those in the table on p. 236 from the same oils. The 
difference in the amount of iodine absorbed by different oils would, 
therefore, appear to be due partly to the variable composition of the 
alcohols. 
’ Sperm oil has a much lower viscosity than most fixed oils, and this 
physical property in absolute measure is given on p. 236. The 
efflux time of 50 c.c. of sperm oil from Redwood’s viscometer has been 
stated as follows: at 60° F., 177 to 201 seconds; at 70° F., 137 to 164. 
seconds. Southern sperm oil seems to be rather lower in viscosity than 
Arctic sperm, but more samples need testing. 

The colour indication with sulphuric acid (page 41) is often a useful 
test for the purity of sperm oil. The genuine oil gives a brown col- 
ouration, becoming somewhat darker with a tinge of violet on stirring. 
Shark-liver oil gives a well-marked violet colour when tested in the 
‘same manner, the tint changing to red or reddish-brown on stirring. 


ARCTIC SPERM OIL. DOEGLING OIL. BOTTLENOSE OIL. 


(See also page 73.) Several species of toothed cetaceans yield an 
oil analogous to that obtained from the cachelot or sperm whale. The 
chief of these in economic importance is the product from the doegling 
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or bottlenose whale (Hyperoodon rostratum),* which is known in com- 
merce as ‘‘ Arctic sperm oil.” 

Bottlenose oil deposits more or less spermaceti when cooled, but the 
yield is not nearly so large as that obtained from the head matter and 
oil of the sperm whale, though of good quality and high m. p. Bottle- 
nose oil often has a more or less unpleasant odour, but this peculiarity, 
together with the small proportion of free acid present in the crude oil, 
can be removed to a great extent by agitation with a solution of sodium 
carbonate or by analogous treatment. The refined oil is straw-yellow. 

The chemical constitution of doegling oil was first pointed out by 
Scharling (Jour. Prakt. Chem., 1848), who found it to consist essentially 
of the ester of a higher monatomic alcohol, dodecyl doeglate, C,,H,..- 
C,H 3,0, and hence to yield on saponification dodecyl alcohol and 
doeglic acid. Further investigation on this point is desirable. Bull 
thinks that Scharling’s doeglic acid (C,,H,6O0,) must have been a 
mixture of gadolinic acid (C,.H 30.) (see under “‘Cod-liver Oil”’) 
and oleic acid (C,sH,,0,). 

The wax alcohols, etc., obtained from bottlenose oil by agitating 
the aqueous solution of the saponified oil with ether and separating 
and evaporating the ethereal solution, have similar characters to the 
product obtained in a similar manner from sperm oil (see under 
“Sperm Oil”): 

The mixed fatty acids prepared by Allen from several speci- 
mens of bottlenose oil were found to have a sp. gr. of 0.896, their 
combining weights ranging from 275 to 294. 

Bottlenose oil presents the closest resemblance to sperm oil. In its 
sp. gr. (0.876-0.881), viscosity, solubility in acetic acid, saponification- 
equivalent, and behaviour with strong sulphuric acid and the elaidin- 
test, it presents no tangible difference from sperm oil. On saponifica- 
tion it yields from 61 to 65% of fatty acids, and from 37 to 41% of ether- 
residue, in this respect simulating true sperm oil in the closest manner. 
The only differences observed by Allen in the course of a series of very 
careful comparative examinations of sperm and doegling oils have been 
the slight tendency of the latter to gum or thicken on exposure, and the 
somewhat higher m. p. of the fatty acids from sperm oil. It has, 
therefore, been convenient to treat them together in the preceding 
pages under the “Examination of Commercial Sperm Oil.” 


1 There has been much confusion respecting the bottlenose, at least eight different whales 
and dolphins having been designated by that name. 


Vol. II.—16 
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DOLPHIN OIL. 


The oil from the blubber of the blackfish, Globicephalus melas, is 
citron-yellow in colour, deposits spermaceti when cooled, and contains 
a large proportion of the glyceride of valeric acid. It presents many 
points of resemblance with porpoise oil (see under “Porpoise Oil’). 


XII. BEESWAX GROUP. SOLID WAXES. 


Beeswax. Chinese Insect Wax. . 
Carnauba Wax. Spermaceti. 
Wool Fat. Wool Wax. 
BEESWAX.! 


(See also table on page 73.) Beeswax is the material of which the 
honeycomb of bees is composed. To obtain the wax the honey is 
drained off, the comb expressed, melted in water, the impurities 
allowed to subside, and the wax allowed to cool or run into suitable 
moulds. About 1 pound of wax is obtained from 20 pounds of honey. 
In the process, as described by Hirschel,? the bulk of the wax is first 
separated by treatment with hot water and straining from dead bees, 
etc., and the residue pressed in layers with straw in a filter-press. The 
pressed residue is again boiled with water and pressed, after which there 
still remains 10 to 15% of wax in the press-cake. This is extracted 
with petroleum spirit and known as ‘‘extraction wax,” the former being 
“pressed wax.” 3 samples of genuine ‘‘extraction wax’? examined 
by Hirschel, previous to bleaching and refining, were dark brown, soft, 
greasy substances, of unpleasant odour. They had higher acid 
values than normal beeswax (23.3 to 27.1) and lower “‘ratio numbers” 
(2.46 to 2.95), also much higher iodine values (31.2 to 39.6); the 
m. p. (61.3° to 62.5°) and sp. gr. at 15° (0.953 to 0.957), though lower 
than, did not differ greatly from those of ordinary beeswax. All three 
samples gave faint indications for rosin, and in Weinwurm’s test (page 
257) behaved as if containing about 5% of paraffin wax. 

Yellow Wax.—Normal beeswax is a tough, compact, solid substance, 
of a yellowish or brownish colour, with a slight lustre and a finely 
granular fracture. Its taste is faint and slightly balsamic, and the 


odour is honey-like and characteristic. It does not feel greasy to 
the touch. 


1 Bibliographies relating to beeswax and to waxes used for adulterating it are given in 
J. Soc. Chem. Ind., 1892, 11, 756, 757. 2 ss 
2 Chem. Zett., 1904, 28, 212. 
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Beeswax can be volatilised almost without change in a vacuum. 
When distilled under the ordinary pressure, it yields a variety of prod- 
ucts, among which acrolein does not appear to occur. It is insoluble 
in water, but dissolves readily in fixed oils, carbon disulphide, and in 
about 1o parts of boiling ether or turpentine. According to Hager, 
ether dissolves only about half the wax at the ordinary temperature, 
and benzene and petroleum spirit about 27%. 

Buchner, with cold ether, separated beeswax into two portions, giv- 
ing the following results as compared with the original wax: 


Acid value | Ester value 
OUD. CE ee on a eee tie an re TQ4S 76.7 
30%) dissolved by ether =... 0-4 as~ 0-0 ssi. 40.0 43.8 
7oUp undissolved iby ether... aiqaa4ace4 e's TAO 87.5 


Yellow beeswax is completely soluble in chloroform (Dieterich). 
It is nearly insoluble in cold alcohol, but dissolves in about 300 parts 
of the boiling liquid, leaving only a small yellowish-brown residue. 
On cooling, the solution deposits a whitish crystalline substance, while 
the filtrate is yellowish, and is not rendered turbid by addition of 
water. The portion soluble in cold alcohol consists of aromatic and 
colouring matters, together with a small quantity of fatty matter to 
which the name of cerolein has been given. The portion of beeswax 
dissolved by a moderate quantity of hot alcohol consists chiefly of 
cerotic acid and its homologues, while the undissolved part is myricin. 

Schwalb? separated from beeswax about 6% of hydrocarbons of the 
paraffin series, among which he identified heptacosane, C.,,H<6, 
melting at 60.5°, and hentricontane, C,,H6,, melting at 67°. Much 
larger quantities of hydrocarbons have since been found by Buisine 
and others (see page 260). 

T. Marie? has shown that the free acids of beeswax consist of cerotic 
acid, mixed with from 30 to 40% of homologous acids, including 
melissic acid. 

Cerotic acid, C,5H,,0, (Lewkowitsch), dissolves in hot ethyl 
alcohol, but is almost wholly deposited on cooling; when quite pure, 
it forms stellate, microscopic needles, melting at 77.9°. It is easily 

1 Chem. Zeit., 1907, 31, 57 
2 Chem. Centr., (3), 16, cove “Annalen, 1886, 235, 149. 


3 Compt. rend., 1894, I19, 428; J. Pharm., 1896, (6), 3, 107; Bull. Soc. Chim., 1896, (3), 
15, 503, etc. 
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soluble in warm methylic alcohol and ether. M elissic acid, C3o5H 6002, 
resembles cerotic acid in appearance, but crystallises more readily 
and melts at 90.6°. It is readily soluble in hot ethyl alcohol, chloro- 
form, petroleum spirit, and carbon disulphide, but almost insoluble in 
warm methyl alcohol and ether. For the properties of these acids 
and their derivatives and the method of separating them in a pure 
state from beeswax, the papers by Marie should be consulted. The 
proportion of crude cerotic acid existing in beeswax in the free state 
usually ranges from 12 to 16%. 

Myricin is the chief constituent of beeswax insoluble in alcohol. 
It is a solid, wax-like body, melting at 64°. On saponification, it 
yields a palmitate, myricyl alcohol, and a small quantity of soap from 
an acid of the oleic series. Hence myricin has essentially the con- 
stitution of myricyl palmitate. 

Myricyl alcohol, C,,H¢,;. OH, may be prepared by heating myricin 
or beeswax itself in a closed vessel for an hour or 2 with excess of 
alcoholic potassium hydroxide, nearly neutralising the excess with 
acetic acid (using phenolphthalein as an indicator), and precipitating 
the turbid liquid with excess of lead acetate. The precipitate, con- 
sisting of a mixture of lead soaps and myricyl alcohol, is washed, 
dried, and exhausted with hot ether or petroleum spirt in a Szombathy 
tube. On evaporating the solvent, the wax-alcohol is obtained in 
white glittering crystals, which may be purified by washing with cold 
alcohol and recrystallisation from ether. It may also be prepared in 
a similar manner from carnaiiba wax. 

Myricyl alcohol is a crystalline silky substance, melts at 85° to 86° 
to a colourless liquid, and solidifies to a fibrous mass at about 1° 
lower. It is insoluble in water, scarcely soluble in cold alcohol, ether, 
or benzene, and but little in cold chloroform. It dissolves readily in 
boiling alcohol, ether, chloroform, benzene, and petroleum spirit. 
When fused with potassium hydroxide, or heated to 220° with potash- 
lime as long as hydrogen is evolved, it is converted into potassium 
melissate, KC,,H,,O,, which, on solution in water and treatment 
with an acid, gives melissic acid. 

White or Bleached Wax.—By exposure to moisture, air, and 
light, beeswax becomes decolourised. It is usually exposed to sunlight 
in thin cakes, but the bleaching is a slow process. In order to expose 
as large a surface as possible, Ramboe? has proposed to break the wax 


1Chem. Zeit., 1896, 20, 1004. 
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up into minute globules by emulsifying it with hot water and pouring 
the emulsion into cold water to which a little oil of turpentine has been 
added. Wax thus subdivided, if previously mixed with bleached wax, 
can be bleached by sunlight in 3 or 4 days. The addition of bleached 
wax to the yellow wax is found to greatly reduce the time required 
for bleaching. 

Beeswax may also be bleached by cautious treatment with chromic or 
nitric acid; but chlorine cannot be advantageously employed owing to 
the formation of chlorinated substitution-products which give rise to 
hydrochloric acid when the wax is burnt. It may also be bleached by 
boiling it with a dilute solution of potassium dichromate and sulphuric 
acid. The wax thus treated has a greenish colour from the presence 
of chromium compounds, which it holds very persistently, but which 
may be removed by boiling the product one or more times with a 
solution of oxalic acid. Permanganate bleaching is also employed. 
It is not every kind of wax which can be effectually bleached. The 
presence of a small proportion of fatty matter appears to facilitate the 
process. 

The effect of bleaching on the constants of beeswax has been studied 
by Buisine,t Berg,? and others. The acid value is raised, least by 
natural, most by chromic acid bleaching, to a sufficient extent to lower 
the ratio number and suggest adulteration with stearic acid. Thus, 
Buchner has recorded the following numbers for chemically bleached 
wax: acid value, 23.1 to 26.2; saponification value, 95.0 to 98.45; 
ratio number, 2.70 to 3.20. The saponification value of bleached wax is 
always a few units higher than that of the yellow wax. Berg found the 
iodine value lowered by the natural and permanganate methods of 
bleaching, but, curiously, raised by chromic acid bleaching, except 
in the case of Italian waxes, which had their iodine values lowered in 
all cases. Dieterich found the iodine value of bleached wax 4.2 to 4.4. 
Buchner’s number is slightly lowered by natural and permanganate 
bleaching; chromic acid sometimes raises it considerably, some- 
times does not alter it, or even lowers it in the case of Italian waxes. 
Natural and permanganate bleaching either do not affect or slightly 
raise the refractive power of the wax; treatment with chromic acid or 
any method of bleaching Italian wax lowers the refractive power. 
Chromic acid frequently raises the m. p.; other processes lower it a 


1 Bull. Soc. Chim., 1890, [3], 4, 465, in which detailed results are given of yellow waxes be- 
fore and after bleaching by several methods; also Compt. rend., 1891, 112, 738. 
2 Chem. Zett., 1902, 26, 605. 
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trifle. A Morocco wax bleached by chromic acid had its m. p. raised 
from 64.5° to 67.5°. Medicus and Wellensteint found the m. p. 
of a wax raised from 62.5° to 63.5° by chromic acid bleaching, that of 
the mixed free fatty acids being raised from 68° to 69°, and their acid 
value from 51.47 to 58.83. An ultimate analysis gave C,.sH;6O0, 
or C,,H,sO, for the yellow wax and C,,H,307 or C,.Hs,0, 1G tee 
bleached wax. Théy attribute the increased acidity to the splitting 
up of the acids with formation of acids of lower molecular weight. 
White wax is not completely soluble in chloroform (Dieterich). 

Analysis of Genuine Beeswax.—The proportion of crude cerotic 
acid in beeswax can be ascertained by titration with standard acid and 
phenolphthalein in the usual way, but, owing to the very high combin- 
ing weight of the acid, the operation must be conducted with extreme 
care. Hehner? recommends that alcoholic potassium hydroxide 
should be used, and that it should be prepared from pure material 
and from spirit which has been redistilled from potassium hydroxide. 
It should be about N/3—that is, 1 c.c. should correspond to 0.3 to 0.4 
c.c. of N/zr acid. The alkali should be standardised several times 
with the acid, and the results should not differ by more than 0.05 c.c. 
of standard alkali for each 10 c.c. of acid used. 5 grm. of the wax 
should be heated in a flask with 50 c.c. of methylated spirit which has 
been redistilled from sodium hydroxide. When the wax is perfectly 
melted, an alcoholic solution of phenolphthalein is added in not too 
small an amount. The indicator must not be acid, as is frequently 
the case, but must previously have been rendered pink by addition of 
alkali in faint excess. The standard solution of alcoholic alkali 
is then added drop by drop, the liquid being kept well agitated until 
the pink colour becomes permanent, when ,the volume employed 
is observed. The combining weight of cerotic acid being 410 (based 
on Brodie’s formula, C,,H,,O,. As a matter of fact, the mean mo- 
lecular weight of the free acid in beeswax has been found by Hehner 
to be 407); a volume of standard alkali corresponding to 1 c.c. of 
normal acid represents 0.410 grm. of cerotic acid. The percentage 
of cerotic acid may be found by multiplying the percentage of 
potassium hydroxide required for neutralisation by 7.31. As the 
volume of standard alkali required by 5 grm. of wax amounts to only a 
few cubic centimetres, a very finely graduated burette should be 
employed. 


1 Zeit. Nahr. Genussm., 1902, Io092. 
2 Analyst, 1883, 8, 16. one 
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Hehner found by this process, in sixteen samples of English un- 
bleached wax, proportions of free acid, calculated as cerotic acid, 
ranging from 12.15 to 15.71%, the average being 14.4. 17 samples 
of foreign wax gave very similar results, but showed a somewhat wider 
variation, the extreme numbers obtained being 12.17% from a dark- 
brown Mauritian wax, which showed signs of having been burnt in 
the process of manufacture, and 16.55% from: a dark-brown wax 
from Gambia. In wax bleached by air and light the proportion of 
free acid is practically unchanged, but in wax bleached by chromic 
acid mixture it may be increased to 17 or 18%. Thus, in 24 samples 
of commercial bleached wax Hehner found from 15.5 to 17.6% of 
free acid calculated as C,,H,,0., the average being 16.6% or almost 
exactly one-sixth of the wax. Hehner’s results have been confirmed 
by Hiibl,t who found in 20 samples of yellow wax proportions of free 
acid ranging from 13.9 to 15.3, the average being 14.6%. 

It is evident that the foregoing rapid and simple volumetric process 
fails to prove the actual nature of the free acid, but by operating on a 
somewhat larger quantity of beeswax the same method serves as the 
first step toward the actual isolation of cerotic acid, the quantity ob- 
tained being sufficient for the estimation of the fusing-point and 
other data. The unsaponified portion consists principally of myricin 
and hydrocarbons, which can be separated and weighed as such, or 
its nature and composition may be deduced from the results of its 
saponification in the following manner: 

The experiment by which the proportion of crude cerotic acid in 
beeswax was ascertained by titration with alcoholic alkali and phenol- 
phthalein may be extended in such a way as to obtain an estimation of the 
myricin. For this purpose a further exactly known volume of standard 
alcoholic potash should be run into the flask, the quantity used being 
equivalent to about 25 c.c. of N/1 acid. A reflux condenser is then at- 
tached to the flask, and the liquid briskly boiled for 1 hour, when the 
solution should be clear, or nearly so. The flask should be agitated at 
intervals to remove any particles of wax which may have adhered to 
the sides of the flask above the liquid. The condenser is then de- 
tached and the solution titrated back from a very delicate burette with 
N/2 acid. The alkalinity which has disappeared, expressed in terms 
of N/1 acid, represents the myricin which has been saponified. 1 c.c. of 
normal acid, or 0.0561 grm. of potassium hydroxide neutralised, cor- 


1 Dingl. Polyt. J., 1883, 249, 338. 
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responds to 0.676 grm. of myricin. Hiibl found 20 samples of yellow 
wax to require from 7.3 to 7.6% of potassium hydroxide for the saponi- 
fication of the myricin, which figures correspond to proportions of that 
substance varying from 88 to 91.6%. These results fully confirm those 
of Hehner, who found in sixteen samples of yellow English wax pro- 
portions of saponifiable substance expressed as myricin ranging from 
85.95 to 89.05, the average being 88.1, and in 24 samples of commer- 
cial bleached wax proportions ranging from 85.2 to 89.9%, the average 
being 87.7%. 

When estimated volumetrically by the above method, the free acid 
expressed as cerotic acid and the esters expressed as myricin together 
usually amount to somewhat more than 100%, the average being, ac- 
cording to Hehner, 102.5. It is evident, therefore, that wax requires 
more alkali for saponification than would be required for a mixture of 
pure cerotic acid and myricin. 

The results above recorded prove that genuine beeswax is of ap- 
proximately constant composition. Hehner’s experiments show that 
the proportion the cerotic acid bears to the myricin in English bees- 
wax (unbleached) averages 1: 6.12, while Hiibl finds ratios varying 
from 1: 5.94 to 1: 6.24; in English bleached wax Hehner found an 
average ratio of 1:5.3. 

Adulterations of Beeswax.—Commercial beeswax is liable to con- 
tain a number of adulterants, among which the following are recorded: 
Water; mineral matters, as kaolin, gypsum, barium sulphate, and yel- 
low ochre; sulphur; starch and flour; resinous substances, as colophony, 
galipot, and burgundy pitch; fatty substances, as stearic acid, stearin, 
Japan wax, and tallow; paraffin and ozokerite; and vegetable waxes, as 
carnaiiba wax. Spermaceti is also said to have been used. 

Water has been met with in beeswax to the extent of 6%, being pur- 
posely introduced. It may be detected and estimated as described 
under “ Lard.” 

Mineral matters may be detected and estimated by igniting the 
wax. They will also remain insoluble on dissolving the sample in 
turpentine, chloroform, or benzene. As much as 17% of yellow 
ochre has been found in unbleached beeswax. 

Starch and flour will be left undissolved on treating the wax with 
warm turpentine. The liquid may be filtered, the residue washed with 
a little ether, and examined under the microscope with solution of 
iodine. 60% of starch has been met with. Small quantities of starch 
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or flour may exist in genuine wax that has been rolled or pressed, the 
rollers or press being dusted over with flour to prevent the wax from 
sticking. 

Sulphur has been found as an adulterant of unbleached wax. It 
may be detected by boiling the sample with a weak solution of soda, 
and adding lead acetate to the cooled liquid, when a black or brown 
precipitate will be produced if sulphur be present. 

Beeswax containing any of the above-named impurities or ad- 
mixtures should be melted over water, and the molten wax filtered 
through paper and dried in the water-oven before proceeding with the 
following tests. 

As a useful preliminary test, the sample may be dissolved in chloro- 
form, in which genuine yellow wax is completely soluble. Incomplete 
solubility would indicate the presence of paraffin, ceresin, carnaiiba wax 
or wool wax (Dieterich). White wax, however, even when genuine, is 
not completely soluble in chloroform. 

J. Werder (Chem. Zeit., 1898, 22, 38, 59) finds that the Zeiss 
butyro-refractometer may advantageously be employed in the examina- 
tion of different kinds of wax, especially when the amount of material 
at disposal is very limited, and that the indications obtained with it are 
quite as valuable as in the case of oils and fats. Owing to the high m. p. 
of the wax, it is necessary to work at a higher temperature than 
usual, preferably 66° to 72°, and then to reduce the results to the 
normal temperature, 40°. As shown in the annexed table, the figures 
given by genuine beeswax vary from 42.6° to 45.4°, the great majority 
of specimens falling between 44° and 45°; and it seems to make little or 
no difference to the refractive power whether they are tested before or 
after bleaching. Samples 19 to 24 had previously been examined 
chemically, and had been rejected on the ground of their abnormal 
acid and ester values, which were as follows: 


Number of sample Acid value Ester value 
19 18.48 66.64 
20 Toye 13.4 
21 59.08 3.36 
22 104.7 14.3 
23 41.0 57.0 
24 106.9 48.1 
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No. 24 is a product called “‘Glanzwachs,” obtained by adding some 
of the mixture of stearic and palmitic acids as used in the manufacture 
of stearin candles (No. 28) to a genuine wax, this being a form of 
adulteration commonly employed in Switzerland. 


Refractive Power of Different Kinds of Wax. 


Temperature | Refraction at 
Sample of observation 40° 
eB leached strom owt pasa e oie miele Neeson 66.0 44.1 
2y Bleacheds Lrommaurkey enya os ela relenals leita 67.0 | 44.8 
Bib leached= trom) Moldaviahiaark rate eee | 66.5 44.2 
Aecllows trome Ley pt aaen ace ries ieee meee 66.0 42.8 
®, Yellow, from Monte Christo. i. 0.2: meee | 7130 44.8 
Ose Mellow strom. Prancesse. ce een eae 675 44.1 
PF eeViellows MUOMWOA VOW pie deiin oc cme ines em eras 67.0 | 42.6 
SeaVellowairon: Californiasmemern nin seer | 69.5 | 45.2 
OuWellow.tromiNorth Africa... ass. ose sue| 71.0 | 45.0 
Hon Yellow, trom: Massowalte. .a.ces. see see eer 91.5 | 44.3 
zr. Yellow, from Italy 70.0 44.9 
12. Yellow, from Italy ; different samples....... 70.0 44.0 
13. Yellow, from Italy | ; 68.5 44.6 
4. Yellow, from Mexico «6 69.5 44.2 
15. Yellow, from Mexico } SS ne | 67.0 Aces 
TOMY CllOW, LLOM OVILaueenen medenneee oe ees 69.5 44.2 
i evellowwtromnC asablanca:. sbi een tee 68.0 45-4 
ES meV cllow, (romp omiyrmar eres) actene eens eee | 70.0 44.7 
1g. Bleached, in chips (professedly genuine)... .. 70.5 ERA 
20. White church candles (professedly genuine) . | 67.5 3220 
21. White church candles (professedly genuine) . 68.0 S215 
22, White church candles (professedly genuine) . | 68.5 32.6 
23. Yellow wax, source unknown.............. 66.0 38.3 
24. Wax adulterated with No. 28.............. 65-5 38.8 
ZG EAL alll Wace ara eatin eels ee Gree a ee | 65.0 22.5 
BO me COTeSIM Amiga shane sitade ye eo ee rol eae 77-0 41.0 
2 em QLLOW. oes erat aieictstette aps Aer ee a a, ar a 48.5 
Zon clear candle material) a: meee areal 70.0 30.0 
E0naCarmatibaawaxe amici we erie raer es | QI.o 66.0 
Hop “|EMOennN ED ateanncemen nie ooh otha n Bone oe ea 71.0 47.0 


The sp. gr. of beeswax is a useful indication of the presence of 
foreign admixtures. Great discrepancies occur in the recorded sp. gr. 
of possible adulterants of beeswax, as determined by various observers, 
the differences being probably due to the faulty methods of observation. 
The subject has been investigated by W. Chattaway in Allen’s 
laboratory, with the following results: 
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1. Hager’s method is objectionable, owing to the anomalous con- 
traction caused by sudden cooling of the fused substance. 

2. If sudden cooling be avoided, the estimation may be made by 
immersing the fragment in dilute alcohol or ammonium hydroxide, 
adjusting the sp. gr. of the liquid until identical with that of the wax, 
and then ascertaining its sp. gr. by one of the usual methods. To pre- 
pare the fragments, a good plan is to melt the wax in a clock-glass or 
flat-bottomed capsule placed over a beaker of boiling water, and then 
remove the source of heat and allow the water in the beaker to cool 
spontaneously. Small blocks can then be cut from the solidified wax 
with a knife, or cylinders removed with a corkborer. Another good 
plan is to suck up the molten wax into a piece of quill-tubing, the upper 
end of which is then closed by the finger, while the lower is immersed in 
cold water. This causes the wax to set at the orifice of the tube, and 
so closes it. ‘The tube is then supported in a vertical position, and the 
contents allowed to solidify spontaneously. Owing to the mode of 
cooling, the wax forms a smooth cylindrical stick, readily removable 
from the tube; the central portion is always free from cavities and air- 
bubbles. The cubes or cylinders are then painted over with a wet 
brush to prevent the adherence of air-bubbles, and then cautiously 
lowered (not dropped) into the spirit by means of a pair of forceps or a 
glass rod bent into the form of a hoe. 

3. In the case of a crystalline substance, such as spermaceti or Chi- 
nese wax, the estimation of the sp. gr. of the solid substance is very 
unsatisfactory, but the difficulty is wholly avoided if the observation 
be made on the molten wax at the temperature of boiling water. 

The melting- and solidifying-point of a sample of wax will often afford 
valuable information; but unfortunately the figures recorded as the 
m. p. of various waxes exhibit great discrepancies, owing to the 
different methods employed. 

The following table shows a number of results obtained in 
Allen’s laboratory by the examination of specimens of waxes and 
analogous bodies. The sp. gr. were estimated by the methods just 
indicated, the m. p. by the first method on page 52, and the solidifying- 
points by Dalican’s method, page 55: 
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| 
. gr.; water at | Temperature of change of 
EP eae fe t. | physical state; ° 
Substance ee zs 
At rs-16° | At 98-99° | M.p.,° Solidifying-point,° 
| . 
Beeswax, yellow .......... 0.963 0.822 63.0 60.5, no rise 
Beeswax, chemically 0.964 0.827 63-5 62.0, no rise 
bleached F 
Beeswax, air-bleached ..... 0.961 0.818 | 63.0 | 61.5, no rise 
Spermaceti, bottlenose ..., 0.942 0° .808 | 49.0 | 48.0, no rise 
Carnatiba was osc aia s sdiedisseifave ators shaur cavers 0.842 | 85.0 81.0, no rise 
Chinese insect Wax o2s0.0:0 Pree arene o.810 81.5 80.5, no rise 
Wp apan WAR i> peices tel 0.984-0.993 |0.875-0.877 | 51-53 41.0, rising to 48 
IMiprtlet waxes nice ieic miele ste chee oy she ena 0.875 1 Ao.'§ 39.5, no rise 
MR aie APE SSE) xe ray ate anal eraetetle oitotoyer a tenchen axe °.861 i -Aalos 32.5, rising to 34 
Suet Dek aon vr si segene 0.944 0.860 49.0 32.5, rising to 34.5 
SECA TH CUACICH h myasyescntia teen ove ete [pole teusk iatcuefehamons © .830 56.5 54.5, no rise 
Wolo phony cr ereccraerwenes eee tiles ors BLORL 0s  Mhatevete as hh aster ake ioano Sel one poncde Rerciiayseaenavore 
(Parattin Wass. chepssmele Gives, <e)lece 0.909 0.753 54.5 54.0, no rise 
Ozolserite, refined! yore aale.conilione sates) ste tasers °.753 (op at 60.0, no rise 
| 


The following table gives the sp. gr. and m. p. of waxes and some 
other substances, as estimated by other observers: 


Sp. gr. at . Solidifying- 

Substance 150-15 . 50 M.p:, point,° 
Beeswax, yellow... os. sm. ts ss = | O1050-0n070) |) 02 5—O4)35il COOLS -0aks 
Beeswax wpleachedsn ue. chet see ts ©.966-0.968| 62-70 61.6 
SPELMIA CEH Sn, oh cas sitohitis co ucyeentehet nia ©.9go5—-0.g60 41-46 41-47 
Carmatibasiwaxvmcsauc. ei hicsnlss euieie ©.995-I .000 83-80 | ilides ce sie 
ADAMS WA prars custercseneosve euro heer gamle jieee ©.976-0.993 | 50.4-53.4 | 48.5-51 
MU ALO eresckctsdies Se si acciade isms telinatete asa arn Ml ©.937-0.953 38-49 27-36 
DUGAMMGRACIC 25 wutsva nanan aioe 5 ane rnd ©.964-0.986 BSHOS) i ech ene 
Colophonyc..6.% Gane tere eva wee RES Joma Ne O16 | ches Gb) | MOC Dra ae 
Parafiin wax 
re \ Pens raeotelearcrsinet atin yee s 0 .868-0.915 rho eX Waylon tie foe 


The most valuable method for the examination of beeswax is based 
upon the researches of Hehner and Hiibl, and consists in a careful 
estimation of the acid value and saponification value of the sample. 
Hehner’s method of operating has already been described on p. 246; 
Hiibl’s was substantially the same. Numerous modifications have 
since been proposed. 

Thus, Henriques? has proposed a method of cold-saponification, in 
which the wax (3 to 4 gr.) is dissolved in 25 c.c. of warm petroleum spirit 
(boiling at 100°150°), titrated with N/2 alcoholic sodium hydroxide 


24 samples examined by O. Hehner, the m. p. of which r. df 2 ° 
2 Zeit. Angew. Chem., 1895, 721; 1896, 221. # ; Se te ee 
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made with 96% alcohol for estimating the acid value, then mixed 
with N/z alcoholic sodium hydroxide and allowed to stand for 24 hours 
in the cold, the saponification value being estimated by titrating the 
excess of alkali. There appears to be no advantage in this process, 
and it is slower than the ordinary method. The acid values esti- 
mated by it are lower than those estimated by Hehner’s method 
(Dieterich, Buchner). Cohn' finds 3 hours’ boiling with alcoholic 
potassium hydroxide under a reflux condenser necessary to ensure 
complete saponification, but others have shown 1 hour to be sufficient 
if strong enough alcohol (96 to 98%) beused. Buchner? has proposed to 
use a Szombathy extractor as reflux condenser, the concentration of 
the alkali resulting from its use helping the saponification. Eichorn3 
has suggested using amyl alcohol instead of ordinary alcohol, in order 
to carry out the neutralisation and saponification at a higher tempera- 
ture. Berg states that different waxes require different times for sa- 
ponification; German seldom less than 2 hours, usually 3 to 3 1/2 hours; 
Morocco, about 5 hours; East African, up to 6 hours; Chinese and 
Tonking, up to 8 hours. He thinks every wax contains lactonic 
anhydrides which are difficult to saponify, differing from Buchner, who 
believes these substances are of only rare occurrences. In the reviser’s 
experience, the following method of operating usually gives good 
results: 

8 grm. of the wax are warmed with 70 c.c. of neutralised rectified 
alcohol until melted, then mixed with neutralised phenolphthalein 
solution and carefully titrated with N/2 alcoholic potassium hy- 
droxide. This gives the acid value. For ascertaining the saponifi- 
cation value, 5 grm. of wax are boiled under a reflux condenser 
for at least 1 1/4 hours with 25 c.c. of N/2 alcoholic potassium 
hydroxide, made with alcohol of 95 to 96% strength, and then 
titrated with N/2 hydrochloric acid and phenolphthalein in the 
usual way. 

The difference between the acid and saponification values was 
termed by Hubl the ‘ester value,” and he found the ratio, @"°™ in 
genuine beeswax ranged from 3.6 to 3.8. Adulteration with unsaponi- 
fiable matters (paraffin, ceresin) lowers the saponification value with- 
out disturbing this ratio; acid substances (stearic acid, resin), raise the 


1 Zeit. dffentl. Chem., 1904, 10, 404, 
2 Chem. Zeit., 1905, 29, 32. 

3 Zeit. anal. Chem., 1900, 39, 640. 
4Chem. Zeit., 1907, 31, 537- 
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acid value and lower the ratio, foreign waxes or fats raise the ratio as 
is indicated in the following table: 


Saponifi-| Ratio: 
Substance Acid value| Ester value | cation ester value _ 
value acid value 
Beeswax, unbleached. . = 17—22 70-82 88-102 24-42 
Beeswax, chemically bleached. IQ-25 69-74 95-99 2.9-3.2 
Spenmacetly sen gece aceracit-r|| et races f Sieuatee creer BIO ae ele | ee a oe 
(Carmatibaa wakinns case. sees 3-8 85-4! 79-88 29.4% 
Chinese insect wax........... traces: incre anecer 80-99 Soro sian eens 
[Di WER Seocorensedaiacera! eateh milla onuoss on < 214-238 | say IO 
IM vert lene wax eens ome acta 3 i orto cae oe 206-217 | say 70 
Tallow and “ stearine” ee PSAY 2-2. wee eck ee 193-198 | say 15-97 
Stearic acid (commercial)... 200 nil 200: || wee ae 
(Colophonyayeerse. seca ee 180 Io TOs i we seemaeehs 
Paraffin wax, ceresin, and | 
OZOKEHILS: seats cartchneteio nace: nil nil nil, @lereloekoenes 
tone sample tone sample 


Further investigation has shown that the “‘ratio-number”’ of genuine 
beeswax varies within wider limits than those stated by Hiibl, but the 
range is still narrow enough to afford a valuable distinction between 
beeswax and the foreign fats and waxes likely to be added to it as 
adulterants. In the case of beeswax, the ratio-number is a true 
“constant”; but in the case of fats, such as Japan and myrtle “ waxes,” 
tallow, etc., the figures given in the table as ratio-numbers are acci- 
dental numbers depending upon the amount of free fatty acid in the 
sample, which may range from nil upward, and, therefore, the “‘ratio- 
numbers”’ of these fats will be higher the more nearly pure and neutral 
they are. 

It is evident that the estimation of the ratio number alone will 
not suffice to detect adulteration in every case, as it is possible to pre- 
pare, without wax, mixtures having a normal ratio number. Thus, 
Lewkowitsch calculates that a mixture of Japan wax 37.5 parts, stearic 
acid 6.5 parts, and ceresin or paraffin wax 56 parts, will give the normal 
ratio number, 3.71. The examination must, therefore, be supple- 
mented by other estimations; e. g., iodine value, hydrogen liberated 
on heating with potassium hydroxide, estimation of the hydrocarbons, 
and other special tests. 


The iodine value of genuine yellow beeswax ranges from about 7 to 
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14; bleached wax has a lower value, since bleaching destroys or modifies 
the iodine-absorbing substances. Adulteration with tallow or colo- 
phony would raise this value; paraffin or ceresin would lower it; 
Japan wax or carnaiiba wax would be without effect. Beeswax 
could be largely adulterated without the normal iodine value being 
disturbed. 

Japan wax and other fatty substances (e. g., tallow, stearin, stearic 
acid) may be detected by boiling 1 grm. of the sample with 1.5 
grm. of borax and 20 c.c. of water, when the aqueous liquid will 
become milky or gelatinous on cooling. With pure beeswax it re- 
mains clear or becomes but slightly turbid, and carnaiiba wax and 
rosin behave similarly. 

Japan and myrile wax are denser than beeswax, and tallow and 
stearin somewhat lighter, but they all agree in having a notably 
lower fusing-point than pure beeswax, and much higher saponification 
values and “‘ratio-numbers”’; they also yield glycerol on saponification. 
In doubtful cases, an estimation of the glycerol may he resorted to, 
when the amount found, multiplied by 10, gives the approximate 
weight of the adulterant. In 2 test mixtures of tallow and wax, 
containing, respectively, 50.9% and 28.4% of tallow, Benedikt and 
Zsigmondy found 4.93% and 3.00% of glycerol corresponding to 
49.3% and 30% of tallow. 

Free stearic acid is readily distinguished from the neutral fats and 
beeswax by its high acid value; in fact, in the absence of other adul- 
terants, the percentage of stearic acid in a sample of wax might be 
approximately calculated from the acid value, taking that of beeswax 
as 20 and that of stearic acid as 200. As, however, the adulterant 
commonly used is a mixture of stearic acid, Japan wax, and ceresin, 
so proportioned as to give normal figures, a special test for stearic acid 
is required. The following modification of Fehling’s test is recom- 
mended by Buchner: 3 grm. of the wax are boiled with ro c.c. of 80% 
alcohol for a few minutes, and the tube is then immersed in cold water 
and shaken so that a thick paste results. After standing for 1 hour, 
the mixture is filtered, and the filtrate mixed with a large excess of water 
or with an alcoholic solution of lead acetate or calcium chloride, which 
make the test more sensitive. Normal waxes give only a faint opal- 
escence, the cerotic acid dissolved by the boiling alcohol being almost 
entirely redeposited on cooling and standing, though after some hours 
they may show an amorphous deposit, especially soft African waxes. 
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Buchner regards a wax as genuine in this respect when it shows no 
deposit of stearic acid after 1 to 2 hours. 

A quantitative modification of the test (making it applicable to 
rosin as well as fatty acid) has since been proposed by Buchner: 
5 grm. of the sample are treated with 100 c.c. of neutralised 80% alco- 
hol, and the ‘flask and contents are weighed. The alcohol is gently 
boiled for 5 minutes, with frequent agitation. The flask and contents 
are then cooled, and the solution made up to its original weight by the 
addition of 80% alcohol, well mixed, corked, and allowed to stand for 
12 hours (Berg). The solution is then filtered through a ribbed filter, 
and so c.c. of the filtrate are titrated with N/1o potassium hydroxide 
with phenolphthalein. The figures thus obtained are known as 
Buchner numbers. Some results with waxes, fats, and mixtures, are 
given in the following table: 


Substance Buchner’s number 

Beeswax: Vellowamsisrcsete ethale ctaiceuetelehais vera amenity aiateaetars 3.6=3..0 
‘Beeswaxn WiHItebsmascn cust Age Anas e eroeming | ee 3.7-4.1 

Pa NTA WAKO on slewens 'asnyaverose casts ovchnroehait oak Shotehe eke Seam nete Sauer reat cal eo} 
Carmau ba Waxy jn ts,tsic lt aio onesie eae aiel aly ee ae Bere ee arate 0.76-0.87 
JBPBB) WAR valeairinss be Wows Mowe wre ey weet wine a ee T4.93-15-3 
Stearm, (from*tallow inc. e cekatiercaerteceer se apa eee ee 
Golophoniyeny sccm cyasty Ore heute aiereh iets) meee 150.3 
SUCATICRACIUAL pene age ata AS ae een yee Wee ee 65.8 


Mixtures giving normal ratio numbers: 


1, otearic acia. stearinm’ and Ceresim=....s. shoe deus ee 21.40 
2. Stearic acid, Japan wax and ceresin.............. 17.80 
Ge ROsin, Steanli At, CFCS we ac cideisesiiecn acer eieee 22.00 
Genuine beeswax+ 25% mixture No. r................- 8.42 
Genuine beeswax+ 50% mixture No. I..............--- Ergo 


According to Bohrisch and Richter,? the Buchner’s number of 
genuine beeswax may range from 2 to 6. These authors, who fully 
examined 73 samples of beeswax from different parts of Germany, 
found 38 samples adulterated; of these, 34 contained paraffin and 
ceresin and 4 contained stearic acid, tallow or carnaiiba wax. 

Colophony or rosin, like stearic acid, if added to beeswax increases 
the acid value; and although the acid value of rosin is somewhat lower 
than that of stearic acid, its greater solubility in alcohol causes it to 
increase ‘the Buchner number in greater proportion. Colophony is 


1Chem. Zeit., 1895, 19, 1422. 
2 Pharm. Centralh., 1906, 201, etc. 
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easily detected in beeswax by means of the Liebermann-Storch reaction; 
it may be estimated by applying Twichell’s process to the mixture of 
rosin and fatty acids obtained by extracting the adulterated sample 
with boiling 80% alcohol and filtering when cold. 

According to Weinwurm* 2 or 3% of ceresin or paraffin, or 5% of 
rosin, may be detected as follows: 5 grm. of filtered wax are saponified 
in 25 c.c. of N/2 alkali and the alcohol removed. 20 c.c. of glycerol 
are run in, the whole warmed in the water-bath till solution is effected, 
and roo c.c. of boiling water added. Pure wax gives a clear, trans- 
parent, or translucent solution, through which ordinary printed matter 
may be read with ease. 5% of ceresin or rosin yields a cloudy liquid, 
and the print is no longer legible; 8% of ceresin causes a decided pre- 
cipitate. If the solution be clear, 3%, or, if it be opaque, 2% of 
ceresin is added to another sample of the wax, and the saponification 
repeated, when from the appearance of the soap solution the presence 
or absence of either impurity may be deduced. 

R. Henriques? reports favorably on the above process, but simplifies 
it by applying the Leffmann-Beam alkali-glycerol method for saponify- 
ing. A piece of wax about the size of a pea is boiled in a test-tube for 
3 or 4 minutes with 5 c.c. of alkali glycerol (see p. 25). The solution, 
which is at first quite clear, becomes gradually cloudy. After boiling 
for about the time mentioned, the oil collects in a layer and the under- 
lying fluid becomes clear. The bubbles of the boiling mass also now 
become smaller and the glycerol commences to distil. As soon as this 
point is reached the heating is discontinued. ‘The fluid is now poured 
into another test-tube, in order to separate it from the unsaponified 
portion; an equal weight of hot water is added, and the liquid boiled 
and allowed to cool. In the case of pure wax the solution will be either 
quite clear and transparent, or at any rate sufficiently translucent to 
allow of large printed matter being read through it, as described by 
Weinwurm. Should, however, on the contrary, as much as 5% of 
foreign hydrocarbons be present, the fluid will be quite opaque. With 
an admixture of only 3% of ceresin or paraffin, the indication is un- 
certain, and the further treatment recommended by Weinwurm to 
meet such cases should be followed. 

Lewkowitsch3 states that he can recommend Weinwurm’s test for 
pure beeswax, but that turbidity of the solution does not necessarily 


1 Analyst, 1897, 22, 242. 
2 Ibid, 1897, 22, 292. 
3 Oils, Fats and Waxes, II, 772. 
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prove the presence of ceresin or paraffin wax, since it is also produced 
by carnaiiba wax and insect wax. 

Paraffin, ceresin, and ozokerite are the only adulterants of beeswax 
which tend to reduce in a notable degree the saponification value. 
They also reduce the sp. gr. in a marked manner, but this indication 
has little more than a qualitative value. In a sample consisting solely 
of beeswax and hydrocarbon wax the proportion of the former may be 
deduced with considerable accuracy from the results of the saponifica- 

tion, each 0.1% of potassium hydroxide required representing 1.053% 
of beeswax in the sample. 

Estimation of Fatty Alcohols and of Paraffin and Ceresin.—An 
adulteration of beeswax with less than 6% of ceresin or paraffin cannot 
be detected with certainty by any of the ordinary methods, because the 
relations between the free fatty acid and saponifiable and unsaponi- 
fiable matters in genuine beeswax vary within somewhat wide 
limits. 

Werder! has proposed to saponify 2 grm. of the sample of wax 
with alcoholic potassium hydroxide, dry on sand, extract the dry 
mixture of soap, sand, etc., with pure dry ether in a Soxhlet extractor and 
weigh the mixture of alcohols and hydrocarbons. But as the residue 
of unsaponifiable matter obtained from 20 samples of genuine bees- 
wax in this manner ranged from 48.55 to 53.01%, it is evident that 
at least 4.5% of paraffin wax or wax alcohols could be added to some 
samples without detection. 

A preferable method is a direct estimation of the hydrocarbons 
present, and a method for doing this has been worked out by A. and P. 
Buisine,? based upon an observation of Dumas and Stas. The wax is 
saponified with potassium hydroxide and heated with potash lime, by 
which treatment the higher alcohols are converted into their correspond- 
ing fatty acids with evolution of hydrogen, the volume of which serves 
as a measure of their amount, while the hydrocarbons present are left 
unattacked and can be extracted from the residue with solvents. The 
following modification of the process has been described by Mangold:3 
2 to 10 grm. of the wax are melted in a porcelain basin and intimately 
mixed, by stirring, with an equal weight of finely powdered caustic 
potash. The saponified mass, when cold, is powdered in a mortar, 
and intimately mixed with 3 grm. of a mixture (1 part potassium 


1Chem. Zeit., 1900, 24, 967. 
2 Bull. Soc. Chim., 1890, Lh By S08 
3 Chem. Zett., 1891, 15, 799. 
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hydroxide, 2 parts lime) for every grm. of wax taken, it is then trans- 
ferred to a thick-walled, pear-shaped bulb-tube, which is heated to 250° 


for 2 hours. An apparatus for con- 
ducting this operation is shown in 
the sketch. A is an iron vessel with a 
lid fastened down by screws and 
filled with mercury. The flask E is 
connected, gas-tight, with a Hof- 
mann’s burette, H, for measur- 
ing the hydrogen evolved. T isa 
thermometer and V a temperature 
regulator. K is a condensing tube 
for mercury vapour. It is advisa- 
ble that the heating at 250° be con- 
tinued for three hours to secure com- 
pletion of the reaction, after which 
the flask is allowed to cool, and is 
broken up to liberate the residual 
mass, which is then powdered and 
extracted with petroleum spirit in a 
Soxhlet apparatus. The residue left 
on evaporation of the petroleum spirit 
is dried at 110° and weighed. 


(can 


The following are some results obtained by A. and P. Buisine* in the 
examination of beeswax and adulterants: 


o & o S Rh) d | 
ial o 48 3 | Sho. 2 
Bs| 4 “oreo Ve eee bes 
Tora g os > TO 4 yO 0 2) 
M.p.°] 2§ ae @. 1) eae 2 8 
a gg ag q BS el Late) 
Ho | a3) Ss J 5 gay q 4 
< = & s SHSES 8 
Japan Wa seater ces 47-54 2 18-28 | 216-222 | 6—-7.55 | 609-71 ° 
Chimnarwak, jus ers 5345 2 22 218 .85 72.3 ° 
Vegetable waxes ..| 47-54 2 I7-19 | 218-220 | 6.6-8.2 73—74 ° 
Carnattba wax ....| 83-84 ° 4-6 79-82 7? 73-76 1.6 
Mineral waxes ....| 60-80 ° ° ° 0-0 .6 a I0o 
iz ehestudearh Get, Pe Ore 38-74 ° ° ° [ectracreat an ° I0o 
Wax from ‘‘suint’’.| 62-66 ° 95-115} r02-119 | 13-18.5] fo) 14-18 
Waxy. acids from! ! 

SRSULUITE tale, ov eiecinecs 50-62 ° 155—185| 159-189 | 2.6-2.8, ° ° 
SUC palettes iia teeetste 42-50.5| o 2.75—5 196-213 | 27-40 | 52-66 ° 
Stearic acid ...... see 5 ° 204 209 4 ° ° 
ROSH wraira Ale coyelayeee all (edah euseautngels ° 168 178 135.6 35 ° 
Yellow beeswax ..| 62-64 | o-1 19-21 91-97 8-11 53-57-5 |I2.5—-14.5 
Bleached beeswax .| 63-64 | 0-2 20-23 |93-110 (?)| 2-7 33-57 II—13..5 


1 Bull. Soc. Chim., 1891, [3], 5, 654. 
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If a measurement of the hydrogen’ is not required, the powdered 
mixture of saponified wax and alkali lime may be transferred to a 
simple boiling tube, which is closed by a rubber stopper and a short 
piece of bent glass tube, supported vertically in a bath of oil or melted 
carnaiiba wax, and heated to 250° until no more gas is evolved; the 
temperature is then raised for a short time to 290°. Evolution of gas 
is ascertained by attaching a short length of rubber tubing to the glass 
tube and immersing the free end in water, but the rubber tube must not 
be left permanently attached, otherwise water may be sucked back and 
cause an explosion. When gas-evolution has ceased, the tube and 
contents are allowed to cool somewhat and the contents, while still 
hot, are removed as far as possible to a basin by means of a pointed 
glass rod. If allowed to become quite cold, the mixture sets hard and 
cannot be removed. The bottom of the boiling tube is finally broken 
out and what adheres to the sides scraped off as far as possible. The 
mixture is then placed in a paper extraction thimble with alternate 
layers of powdered pumice, the tube and basin are rinsed out with dry 
ether, which is poured through the thimble in the Soxhlet’s tube, and the 
contents are then thoroughly extracted with dry ether for 4 or 5 hours. 
The (turbid) ethereal extract will contain a little soap. It is first 
shaken in a separating funnel with hydrochloric acid to decompose 
calcium soaps, and after drawing this off and washing with water it 
is shaken with dilute potassium hydroxide solution containing a 
little alcohol in order to remove fatty acids. After again washing with 
water, the ether is distilled off and the hydrocarbons weighed. 

The proportion of hydrocarbons which has been found in genuine 
beeswax by Buisine, Mangold, Kebler, and Ahrens and Hett* 
has ranged from 11.0 to 17.5%. 15 samples of apparently genuine 
commercial yellow beeswax examined by Archbutt were found to 
contain from 12 to 16.7% of hydrocarbons; 6 obviously adulterated 
samples contained from 19.8 to 55.6%. The process is quite easy to 
work with a little practice, but is evidently not capable of detecting 
with certainty less than about 6% of hydrocarbons, owing to the com- 
parative wide variation in the amount obtained from genuine samples. 

Spermaceti is not usually an adulterant of beeswax, but occasionally 
its substitution will be profitable and may be practised. It is the only 
adulterant which would cause the sample to show less free acid, and 
yet require an increased proportion of alkali for its saponification, 

1 Zeit. offentl. Chem., 5, 91. 
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at the same time yielding glycerol and reducing the sp. gr. and m. p. 
In the absence of carnaiiba wax, a direct indication of the presence and 
proportion of spermaceti may be obtained from an estimation of the 
m. p. of the higher alcohols of the sample. 

From an inspection of the table on page 259, it appears that carnaiiba 
wax requires for complete saponification a proportion of alkali not very 
different from that required by beeswax, but is distinguished from the 
latter by the smaller (but very variable) proportion of alkali required 
by the free acid. An admixture of carnaiiba wax wlll be further 
indicated by the increased sp. gr. and higher m. p. of the sample. 

Another proof of the presence of carnaiiba wax is obtainable by 
removing free acid by alcohol and alcoholic potassium hydroxide, 
saponifying the separated neutral wax, precipitating the solution with 
lead acetate, and exhausting the precipitate with petroleum spirit, 
and decomposing the lead soap with hot hydrochloric acid. Beeswax, 
when thus treated, yields a product which is chiefly palmitic acid (m. p., 
62°), while the product similarly obtained from carnaiiba wax is 
largely cerotic acid (m. p., 79°). 

Among the hydrocarbons isolated from the wax may be found 
unchanged cholesterol, if the sample had been adulterated with wool 
wax, since Lewkowitscht has shown that cholesterol is practically 
unchanged by heating for 2 hours with soda-lime at 250°, and that of 
the total alcohols of wool wax 80% were recovered unchanged. In 
presence of wool wax, cholesterol may also be looked for in the un- 
‘saponifiable matter. * Some results of examination of the unsaponifiable 
matter from waxes are given in the following table (Archbutt and 
Deeley): 


Unsaponifiable matter from 


Carnaiiba 
wax 


Beeswax Wool wax 


00° : 
Sp. gr. at Goer a Ps HO Sra 0.8239 0.8426 0.957 
IMLS JO ono bene ape OCiO OW CUTIE I Ot eee 75°-76° 85° 44°-48° 
Lodiniemval lees cereent ate cases ehorsic ne erate osc oeyt ein ages 35-40 
Saponification value of mixed acetates...... O-0-10.3 || 12.3 I5.0-16.1 


1 J. Soc. Chem. Ind., 1896, 15, 14. 
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For the detection of artificial colouring matters, Lemaire* recommends 
the following tests: 

A small fragment of the wax is dissolved in chloroform, and 2 or 
3 drops of hydrochloric acid are added to the solution. The 
production of a rose-red colour indicates artificial colouring matter. 
Another portion is saponified by boiling with caustic soda solution, 
then treated hot with excess of hydrochloric acid. If a fugitive rose- 
red colour be obtained, which turns green on adding excess of ammonia, 
the wax is artificially coloured. Another piece of the wax is melted in 
a capsule with saturated boric acid solution; on evaporating to dryness 
the residue acquires a reddish colour with wax containing added colour- 
ing matter. 

Dieterich? has shown that the analytical values of beeswax from 
combs five years old differed very little from those of new beeswax; the 
chief differences were in the colour, and the sp. gr. and m. p. of the 
waxes. Thus, the fresh wax was nearly colourless, had the highest 
sp. gr. (0.966) and the highest m. p. (65° to 66°). The old wax was dark 
brown, had the lowest sp. gr. (0.9599) and lowest m. p. (63° to 63.5°). 

Hehner’s Method for the Analysis of Complex Candle-mixtures.3—The 
estimation of the percentage of beeswax in so-called wax candles has 
assumed importance since, in 1904, the College of Rites of the Roman 
Catholic Church prescribed the use of candles containing definite 
percentages of beeswax for certain ritual and altar purposes. Such 
candles may contain, besides beeswax, paraffin (ceresine, ozokerite), 
stearine (commercial stearic acid), and spermaceti. 

Hehner’s method for the analysis of such mixtures depends primarily 
upon the approximate constancy of composition of normal beeswax. 
Thus, 24 samples of good commercial bleached wax were found by 
Hehner to contain free acid, calculated as cerotic acid+ ranging from 
15.5 to 17.6% and averaging 16.6% or almost exactly one-sixth of the 
wax, and saponifiable esters, calculated as myricyl palmitate, ranging 
from 85.2 to 89.9% and averaging 87.7% or very nearly 5.3 times 
the acidity expressed as above. The free acid extracted from a small 
number of samples was found to have a molecular weight of 407 
-(C,,H,,0, =410), 

Upon the basis of these figures, the composition of a mixture con- 


1J. Soc. Chem. Ind., 1904, 23, 8 
2 Chem. Zeit., 1907, Pace eS. 


Ve 
8 From a paper by Otto Heh i i 
EBeadic's ri geailts ae Crt oc ee read before the Society of Pubic Analysts. 
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taining only beeswax and paraffin is easily inferred from the depression 
in acidity and saponifiable substance, the relation between these 
(1:5.3) remaining unaltered. With a mixture of beeswax and stearine 
the amount of saponifiable matter gives the measure of the wax, and by 
difference that of the stearine, commercial stearine as used for candle 
manufacture having an average molecular weight of about 272. 
Lastly, in a mixture of beeswax and spermaceti the free acid measures 
the amount of wax, the spermaceti being practically free from acid. 
It is when the ingredients are unknown, or when the ratio is dis- 
turbed in two directions by the presence of both stearine and sper- 
maceti that the problem becomes difficult; an estimation of one or 
both of the main components of beeswax then becomes essential. 

Except carnauba wax, which is not commonly used in candle 
manufacture, beeswax is the only candle material which contains free 
cerotic acid, but for the separation of this acid from the esters Hehner 
points out that alcohol cannot be used, since the esters themselves are 
much too soluble in alcohol for even an approximate estimation to be 
based upon the greater solubility of the free acid. He therefore 
converts the free acid into potassium salt, which is soluble in warm 
water and from which the insoluble esters can be separated by shaking 
out with ether. The difficulties of the process are mechanical and 
arise chiefly from the great viscosity of the soap solution. Thus, 
with pure beeswax not more than 5 grm. can be dealt with in a volume 
of 1500 to 2000 c.c., but with mixtures the mechanical difficulties 
become less. The process is carried out as follows: 

10-12 grm. of the material to be examined are boiled with 70-100 
c.c. of alcohol and carefully and exactly neutralised by adding phenol- 
phthalein and alcoholic potassium hydroxide solution; about 600 c.c. 
of hot distilled water are then added and the unsaponified matter is 
allowed to come to the top, where it forms an oily layer. The soapy 
turbid solution is siphoned from below the oily layer into a large 
separating funnel holding about 2000 c.c., the layer being washed 3 
times more with hot water, so that the total volume of soapy liquor in 
the funnel, containing the whole of the originally-free acid, measures 
about 1500 c.c. (The unsaponified portion can be kept for sub- 
sequent operations.) The soapy liquor is cooled to about 35°, and 
to it are added from 150 to 200 c.c. of ether and the funnel very gently 
shaken. Violent shaking must on no account be resorted to, as an 
emulsion would form with which it is almost impossible to deal. The 
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funnel is placed in a large vessel of water at about 35° and left for an 
hour or two for the ether to rise. The aqueous portion is then drawn 
off into another funnel and shaken twice more with ether, after which 
it should be clear or nearly so. Alcohol must not be added at this 
stage to promote separation of the ether, as partial saponification of the 
esters would occur and lead to inaccurate results. The ethereal 
solution is rejected as it is separated, and mot washed with water. 
To the soap solution is now added hydrochloric acid in excess, by 
which the soap is decomposed and a layer of ether containing the 
liberated fatty acid rises. This is allowed to separate thoroughly, 
and the lower aqueous layer is drawn off and rejected. The fatty 
ether, having been washed carefully with hot water several times, is 
evaporated, and the residual fatty acids dried and accurately weighed; 
they are then very carefully titrated with alcoholic potassium hydroxide 
solution, which must not be stronger than N/3, owing to the high 
molecular weight of the cerotic acid. Care must also be taken that 
the alcohol in which the acid is dissolved before titration is exactly 
neutralised and that the alkaline solution is kept free from carbonate 
and accurately standardised. 

The only acids which can compose the material titrated are the free 
acids of the wax, with a mean molecular weight of about 407, and the 
“*stearine,” with a molecular weight of 272-++-1. The molecular weight 
gives, therefore, the proportion of crude cerotic acid in the mixture. 

In a separate portion of the original wax mixture the total acidity 
is now estimated as usual, and also the ester value. The molecular 
weight of the free acids being known, the actual percentage of free 
acids in the mixture can be calculated, and as the percentage of real 
wax acid of molecular weight 407 in these free acids is also known, 
the percentage of free wax acid in the mixture can also be calculated. 
Multiplying this by 6, the amount of beeswax in the mixture is arrived 
at; and subtracting it from the total acid, the percentage of ‘‘stearine” 
is obtained. Multiplying the wax acid by 5.3, the ester portion of the 
beeswax, expressed in terms of myricine, results; this subtracted from 
the total saponifiable matter gives the measure of any spermaceti that 
may have been present. A calculation reducing this remainder from 
terms of myricine, with an equivalent of 676, into terms of spermaceti, 
with an equivalent of about 480, results in a close approximation of 
the actual percentage of spermaceti. This remainder, if any, is 
paraffin. The presence of paraffin, if more than 4 or 5%, is always 
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seen during the saponification for the estimation of the ester value. 
The paraffin is the only material estimated by difference. 

OF other acid substances which would interfere with the process 
there might be present traces of mineral or oxalic acid from the 
bleaching processes. These can easily be tested for and, if necessary, 
removed by melting some of the substance with boiling water and 
testing the aqueous solution. Resin acids do not mix to any practic- 
able amount with candle materials. ‘The bee stops all crevices of the 
hive with various resins collected from trees and buds, called propolis. 
All honeycomb is more or less contaminated with propolis, but the 
latter separates from the molten wax and is not an ingredient of 
commercial wax. Carnauba wax has an exceedingly small acid 
value, which need not be taken into consideration. 

The following results of analyses of known mixtures show the degree 
of accuracy obtainable: 


| 
Taken Found|/Taken|Found| Taken Found |Taken Pound Taken Found 
| | | 


|| | 
Beeswax: 48 On| eS Ouro s | 20 | 18 ||69.8 | 65 | 26.5 | 28 
Spermaceti..... 4 4 ° ° TOME 2 TA SOO} Le MN rier. noe oe 
Stearine....... Io ie) ||Ih ley |). Ke) a3 |) go Ps Pe Pe eee lreesthe 
Paratha tts « |] 
Geresin: .).."...:.:: }36 te 5 294 i,04 | oe ih ate | Ht te 


When the candle mixture is free from spermaceti the total saponi- 
fiable matter, calculated as myricine, should be 5.3 times the amount 
of wax acid found. How nearly this is the case is shown by the 
following analyses of candle material acknowledged to be free from 
spermaceti: 
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ANALYSES OF CANDLES FREE FROM SPERMACETI. 


| 


ee Total sa- % wax 
oe os og ir Real per- eae! Wax acid | stamped 
tated olecular | centage of | esters cal- | Paraffin 6 ae 
C,H. ae oem dee free acid | culated as pe mite 
aay Need myricine 
25. 2 22.4 66.0 present 75 75 
ie cae 1g.2 ee) present 66.6 65 
55-3 Bh is 39.4 16.6 present 18.6 25 
250 12.4 22.1 64.3 present 94.4 75 
Baer 10.6 Ig.1 56.5 present 63.6 65 
55-4 3n8 39.6 17.6 present 19.8 25 
GB (th 10.8 20.6 ily ot present 64.8 65 
50.9 aie? 36.9 16.4 present Ig.2 25 
25.9 AAC) 22.4 64.8 present 75.6 75 
223 Diee 19.4 55-3 present 67.2 65 
gir ol 4.4 AY] 08 22.4 present 26.4 25 
PB a 9.4 19.8 nhl present 56.4 75 
50.9 tO) 36.1 9-9 present EL .d 25 
Tare7 nil 50.0 Mag) present ° 25 
BOs g.o 44.8 46.4 ~ present 54.0 65 
50.3 2.8 35.8 23a present 16.8 75 
34.1 3.6 38.8 26.8 present 21.6 75 
26.8 12:4 2350 OFm2 present 74.4 75 
49.1 3.9 35.6 2288 present 2374. 95 


In all these cases, the free acid in column 1 multiplied by 5.3 equals 
or exceeds the total saponifiable as myricine and leaves no room for 
spermaceti or fatty substance, satisfactorily proving that the real wax 
acid had been correctly estimated, that spermaceti was absent, and 
that the wax used had been of normal composition and not Bombay 
or other abnormally composed wax. Some of the stamped _per- 
centages were fully confirmed by the analysis, in other cases the stamp 
was obviously deceptive. From the figures in the table the real 
composition of the candles can be calculated, as already explained. 
The following are analyses of material containing spermaceti: 
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ANALYSES OF CANDLES CONTAINING SPERMACETI. 


Analytical Data. 
Total free acid calculated as C,,H;,02..... BA On LOnOM ala Ol 244 ule 5OeE 
AMES TENN phe Ble tel een onie bo eats cet amy oth Ene OROmLOnGueiznamy COntil la .0 
Realepercentagerot ireciacid aa ere Ze Se eUOrOu eld waniore Ould aie 
Total saponifiable esters calculated as | 63.4 | 64.7 | 74.8 | 62.0 | 30.6 
myricine. 
Calculated Composition. 
PBC CS WAR a radence-Refeee aos et? cweg Ace ele hc ter aweneetne ance 57 ONeO5-4 (73 ou| 54-0) || 24.0 
Spermacetiiatie cise mea eee he heehee ee Seoul 4S |) Ot 9.7 6.6 
SIRS all Mags 7 omer con aL CaaS AOD OO om ce 17.59 |;Mone |) 2.5 |. 18.5 |.38.28 
Para thin acr scutes iiesietsdit a atti cheketeierersntgeye tates Te eeO noe ost Oni Lyiea) |) Sent 
% of wax stamped on candle.............. 55 65 75 55 25 


Hehner points out that his method is not applicable to candle 
mixtures containing abnormal or insect waxes (see Ghedda Wax) 
which he does not regard as true beeswax. For the analysis of mix- 
tures which may contain such waxes besides the four main ingredients 
above mentioned, the alcoholic as well as the acid constituents need 
examination. No satisfactory method is at present available. Hehner 
has endeavored to elaborate a method based upon the fact that oxi- 
dation by chromic acid in acetic acid solution converts a wax alcohol, 
such as cetylic, into the corresponding acid, but in practice the action 
is complicated by the fact that partial acetylation of the alcohol occurs 
and the acetyl derivative is not attacked by the chromic acid. The 
application of the method to a comparatively simple wax-like sper- 
maceti and the estimation of paraffin in admixture with spermaceti 
or sperm oil is illustrated as follows: 

The substance is saponified, diluted, and the paraffin and wax 
alcohols shaken out with ether. The fatty acids are liberated from 
the soap solution and their mean molecular weight and iodine value 
determined, from which the proportions of palmitic, stearic, and oleic 
acids are deducible, The alcohols + paraffin are dissolved in glacial 
acetic acid and solid chromic acid is introduced, in small quantities 
at a time, until a decided excess is shown by the colour of the liquid. 
The solution is largely diluted with hot water, whereby all reaction 
products and the paraffin separate. These products are boiled with 
excess of alcoholic potassium hydroxide to hydrolyse the acetyl 
derivatives formed, and by addition of water and acid separation of the 
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material from the alcohol is again effected. Once more oxidation 
with chromic acid in glacial acetic acid is carried out, and practically 
the whole of the wax alcohol will now have been converted into its 
corresponding fatty acid. By treatment with alcoholic potassium 
hydroxide, dilution of the soap solution and shaking out with ether, a 
separation of the paraffinis effected, while the fatty acid is separated from 
the soap solution and its molecular weight ascertained. An insight 
into both the acid and the wax-alcoholic portions of the substance is 
thus obtained, and any paraffin present is separated and estimated. 
The same process is applicable to more complex mixtures; but there 
are many practical difficulties caused by the sparing solubility of 
myricyl alcohol in ether and the fact that the soaps of the higher 
acids are so little soluble in water and form such very viscid solutions. 
Further investigation of this process is proceeding in Hehner’s laboratory. 


Indian Beeswax (Ghedda Wax). 
Chinese Beeswax. 


This wax, though of good quality and colour, yields analytical 
values which differ very materially from those obtained with European 
waxes. It is softer and more plastic than normal beeswax. The acid 
values are very low, and the ester values high, with the result that 
the ratio-numbers range from 7.4 to 17.9, the mean being about 12. 

According to Hooper,? Ghedda wax is derived from three species of 
bees, Apis dorsata, A. indica, and A. florea, but chiefly from A. 
dorsata. The analytical characters of the waxes are shown in the 
following table: 


2 Saponifi- Iodi 
Origin of wax M. p.,° |Acidvalue| cation |Ester value) ~° i ma 
value brea 
Ae dorsata Max. 67.0 I0.2 105.0 97.8 9.9 
(23 samples) Min. 60.0 4.4 75.6 69.5 4.8 
Av. 63.1 7.0 96.2 89.4 6.7 
A. indica ee 64.0 8.8 102.5 95-9 9.2 
(7 samples) a 62.0 5:0 90.0 84.0 5.3 
Av. 63.25 6.8 96.2 89.6 Wied 
A forea. | Max. 68.0 8.9 130.5 123.8 II.4 
(s samples) ) Min. 63.0 6.1 88.5 80.8 6.0 
Av. 64.2 los 103.2 95.6 8.0 


1 Indian Agric. Ledger, 1904, 73-100; J. Soc. Chem. Ind., 1904, 23, 828. 
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Buchner’ is of opinion that Ghedda wax is a true beeswax, differing 
from the European kind quantitatively but not qualitatively. Thus, 
he obtained by analysis of a sample, cerotic acid, 5.13; palmitic acid, 
37-87; melissyl alcohol, calculated from the hydrogen evolved in 
Buisine’s process, 65.09; hydrocarbons, 8.65. Hooper says Indian 
wax is rarely adulterated, and as there is a large quantity of it pro- 
duced, analysts must be on their guard against mistaking specimens of 
this wax for adulterated beeswax. 

Buchner? obtained the following results by examination of several 
samples of Indian and Chinese beeswax. 


Kind of wax | M.p.,° | Acid value pe Ester value| Ratio | Iodine 
ion value number | value 

iridianseerer ce 65 6.1 83-3 hia 260 IO 

IEXOUA oo von 66 6.01 82.12 (Oe 12.6 IO 

@hineseome err 66 7.55 93-7 86.15 Tied, 

Chinesesi nial seuss 6.28 go.2 83.82 | 13.9 

Gime See erate | cee cereus 6.40 96.7 00.30 |) 15.6 

Chinese....... 62-63 Bose 95.61 90.28 | 17.9 

Chineseree mereka: 8.72 120.17 sine gris || Se yabge: 

Chineses aso. hs esac Tay Q2.14 84.63 11.26 

C@hineserane nec aor On a LAO 107 .66 II.06 


Hooper (loc. cit. above) also describes the wax produced by the 
Dammar or Kota bees, Melipona (Trigona) species. ‘These very small 
stingless insects produce a sticky, dark coloured wax, having a m. p. of 
70.5°; acid value, 20.8; saponification value, 110.4; ester value, 89.6; 
ratio number, 4.3; and iodine value, 42.2. The product more nearly 
resembles the propolis of honey bees than true wax, from which it 
differs largely in chemical and physical characters. 

Very similar to Indian beeswax from A. dorsata is Annamese bees- 
wax, which has been examined by Bellier.3 The commercial wax is 
grayish-yellow, not homogeneous, and appears to have been kneaded 
by hand into prismatic cakes which were found to contain 5.02% water, 
0.5% insoluble in benzene, and 0.08% of ash. After melting and 
straining, it resembles European beeswax in general appearance, but its 
chemical and physical characters are similar to those of the Indian wax, 
as shown below. 

1 Chem. Zeit.,. 1905, 29, 32, and 1906, 30, 528. 


2 Zeit. offentl. Chem.,; 3, 570. 
3 Ann. Chim. anal. appl., 1906, 11, 366. 
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Sik at eoacaoce MooouE cmd OD Oca GOon 0.964 
INTO oy ole pin helo RO OG o AOC m9 ae ORC 61° 
Uveicleval uct ea as om were cy re oleee ole erent are 7.8 
Saponification value.......-..-.+--: 94-4 
IDG Se EI, sas bone obs no anos Oon 86.6 
Rat OMmUInbereenrs create crs th te II 
odine wale yas ve tetiees et seeteenn Pc 6 
Hydrogen liberated at 250° by potassa 
lime, per grm. of wax.....:.---.-- 60.3 c.c, at o° and 760 mm. 
Hydrocarbons... sie): PORN ea 10.5 


CARNAUBA WAX. CARNAHUBA WAX. 


(See pp. 73, 261 and 272.) This is a very hard, sulphur-yellow 
or yellowish-green substance, which coats the leaves of a palm, 
Copernicia cerifera, the carnaiiba tree of Brazil. The leaves are 
detached, beaten, and the dust, amounting to about 50 gr. per 
leaf, collected and melted into a mass. The brittle, lustrous wax thus 
obtained has a sp. gr. of 0.999, melts at 84° to 85°, and dissolves in 
alcohol and boiling ether. On ignition, it leaves a small quantity of . 
ash, which often contains iron oxide. 

Carnatiba wax has a very complex composition. It has been 
investigated by Bérard, Story-Maskelyne, Piverling, and very thor- 
oughly by Stiircke,t who found it to consist mainly of myricyl cerotate. 
In the alcoholic extract of the wax, Bérard found free cerotic acid, 
since confirmed by Hehner and Hiibl; Story-Maskelyne and Stiircke, 
in the same solution, found free myricyl alcohol. Stiircke obtained 
from carnatiba wax the following substances: a crystalline parajfinoid 
hydrocarbon melting at about 59°; ceryl alcohol, C,,H;,OH, a crystal- 
line substance melting at 76°; these two fractions did not exceed r 1/2 
to2%. Myricyl alcohol was found to the extent of about 45%; a dihyd- 
ric alcohol, C,3;H46(CH,OH),, melting at 103.5°, and converted on 
heating with soda-lime into an acid melting at 102.5°, and having the 
composition, C,,H46(COOH),; an acid of the formula C,;H,,. COOH, 
melting at 72.5°, isomeric with lignoceric acid; cerotic acid, the chief 
acid of carnatiba wax, melting at 79°, or an acid isomeric therewith; a 
hydroxyacid of the formula CH,OH.C,,H,s.COOH, yielding on 
heating with soda lime the acid C,,H,3 (COOH),, melting at go°. 

Allen and Thomson? obtained 54.87%, and Archbutt 52.4% of 
unsaponifiable matter (alcohols, etc.) from carnatiba wax. Lewko- 


1 Annalen, 223, 283. 
2Chem. News, 1881, 43, 267. 
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witsch* found the acetyl value 55.24, the same sample having a 
saponification value of 79.68. 

The constants of carnaiiba wax have recently been redetermined 
by Radcliffe.? 

A sample of Ceara wax melting at 84°, was used for the experiments; 
and also a bleached sample, which melted at 61°. The figures for 
the acid value range from 4 to 8, and O. Eichhorns states that by dis- 
solving 3 grm. of the wax in 120 c.c. of boiling amyl alcohol he obtained 
an acid value of 9.71. A repetition of the above method gave for the 
Ceara wax 5, and for the bleached sample 0.56. The saponification 
values stated by various observers vary from 79 to 95. A series of 
experiments were made, in order to ascertain which method gave the 
maximum value; and it was found that, by treating 5 grm. of the wax 
with 60 c.c. of amyl alcohol and 50 c.c. of ordinary alcoholic potassium 
hydroxide (60 grm. to the litre) and boiling for 6 hours, the figure 88.3 
was obtained, the bleached sample giving 33 to 34. The iodine 
value by Wijs’ method was, after 24 hours, 13.17%. The values 
obtained on one and the same sample of carnaiiba wax were: 


Vie pee ca pill arya tue) en murs corset pe eber scale tees sive 84° 

I Nresko PeeWee wee ponencte Chacha Sic cate A oe aah EO SE ae eee 2.9 
SAponilication Values aerate wets ae rere eee cisisicteretso 6 ls 88.3 
Bisters: Valued crrciaretsiyn tks ait ia heels svchost ees + sil 85-4 
TO GUO VILE weer. ey oy hoe iolar ay chal el vacia) 4) heasteuvuss oro, Siesekone rs (0) «ah sree dh 


Carnaiiba wax when in a separate state is readily recognised by its 
physical characters and the results of its saponification. It is some- 
times employed as an adulterant of beeswax, in which its presence may 
be recognised by the high sp. gr. and m. p. of the substance, and 
by the m. p. of the fatty acids produced by the saponification of the 
neutral esters of the sample. ‘The presence of carnatiba wax in soap 
is best recognised by mixing the sample with sand, drying thoroughly, 
and exhausting the mixture with petroleum spirit (boiling at about 
100°) or hot toluene in a Soxhlet’s tube. The residue left on distilling 
off the solvent is identified by a comparison of its characters with those 
of the unsaponifiable matter from carnaiiba wax given on p. 261, or 
by the isolation of myricyl alcohol. The weight of alcohols, etc., 
divided by 0.53 gives approximately the amount of carnatiba wax in 


the quantity of soap employed. 


1 Analyst, 1899, 24, 321. 
2 J. Soc. Chem. Ind., 1906, 25, 158. 
3 Zeit. anal. Chem., 1900, 39, 640. 
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E. Valenta has found carnaiiba wax in a number of commercial 
ceresins and paraffins which were characterised by their high m. p. 
and great hardness. It is employed to impart these properties and to 
give a peculiar lustre to the wax. Valenta gives the following figures 
showing the influence of carnatiba wax, melting at 85°, on the m. p. of 
mixtures containing it. 


M. p.,° of substance or mixture 
Percentage of 
carnaiiba wax 
With stearic acid With ceresin With paraffin wax 

° 58.50 72.10 60.15 

5 69.75 79-10 73 -9° 

Io VES 80.56 79.20 

I5 94.55 81.60 81.10 

20 75.20 82.53 81.50 

25 75.80 82.95 81.75 


These results show a very marked increase in the m. p. of the sub- 
stances by the addition even of 5% of carnatiba wax. Further addi- 
tions increase the m. p. in a diminished ratio. 

The proportion of carnaiiba wax existing in admixture with the 
foregoing substances, or with Japan wax, can be ascertained by esti- 
mating the percentage of potash required for the neutralisation of the 
free acid and for the saponification of the esters of the sample, and by 
the estimation of the unsaponifiable matter. 

Carnatiba wax is bleached for candle-making? by filtration through 
animal charcoal, or by hydrogen peroxide or potassium bichromate. 
Candles are seldom made of carnaiiba wax alone, but of a mixture 
containing 20 to 30% of stearine and ozokerite. ‘Brilliant paraffin” 
is a mixture of paraffin wax, 75%; carnaiiba wax, 25%. ‘Brilliant 
gelatin,” used for finishing leather, is prepared by adding a liquid 
containing water, potassium carbonate, and carnaiiba wax to a solution 
of gelatin. Carnatiba wax is also used in making special varnishes, 
and in the manufacture of phonograph cylinders. 


CHINESE INSECT WAX. 


(See p. 73.) In Western China,? not far from the Thibetan 
frontier, an evergreen tree, Ligustrum lucidum, grows. Early 


1 J. Soc. Chem. Ind., 1894, 13, 744. 
2 J. Soc. Chem. Ind., 1892, 11, A 
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in the spring, numerous brown pea-shaped scales containing the larvee 
of the wax insect, Coccus pela, appear on its boughs and twigs. 
These scales are gathered, wrapped in packages, conveyed about 200 
miles to Chia-ting, the centre of the industry, made up into small 
packets with leaves, and suspended under the branches of a species of 
ash. ‘The insects on emerging from the packets creep up to the leaves 
of the ash trees, and afterward descend to the twigs and branches 
on which the wax is deposited by the males. After too days, the 
deposit is complete, and the branches are then cut down, the wax 
scraped off, and what remains on the twigs is separated by boiling 
with water, which destroys the insects and necessitates a fresh supply 
of larve in the next year from outside districts. A pound of larve 
scales will produce 4 or 5 pounds of wax. 

The product is a clear white, highly crystalline, brittle wax, called 
from its appearance ‘‘vegetable spermaceti.’”’ It consists, principally, 
of ceryl cerotate. It is chiefly used in China for coating the exteriors 
of candles made of animal and vegetable tallow, also as a sizing for 
paper and cotton goods, for imparting a gloss to silk, and as a furniture 
polish.* 


SPERMACETI. 


(See also table on p. 73.) Spermaceti exists in solution in the oil 
from the sperm whale, bottlenose whale, dolphin, and allied cetaceans, 
but not in the oil from the whalebone whales. It is present most 
abundantly in the oil from the head cavities, and is commonly stated 
to be a special product thereof. This is an error, the oil from the 
blubber also depositing spermaceti on cooling, and in practice the head 
and blubber oils are treated together. 

Crude spermaceti forms crystalline scales of a yellowish or brownish 
colour. It is purified by fusion, pressure, and boiling with a solution 
of potash, to remove adhering oil and neutralise traces of acid. In 
practice, the complete removal of the oil is not aimed at, as a small pro- 
portion is found to confer desirable properties on the product. It is 
then remelted and cast into cakes. 

As thus obtained, spermaceti is a snow-white or transparent sub- 
stance of marked crystalline structure. It fuses at 43° to 49°.2, The 


1]. Soc. Chem. Ind., 1897, 16, 685. ; hens 

2 The figure commonly stated as the m. p. of spermaceti.really refers to the solidifying- 

. point as determined by the titer test. The spermaceti from bottlenose oil melts at a sensibly 
iioher temperature than that from true sperm oil. 
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sp. gr. at the ordinary temperature is commonly between 0.942 and 
0.946; but differing statements are made, probably owing to difficulty 
attending the estimation, in consequence of the crystalline structure 
of the substance. Much more trustworthy estimations can be made 
of the sp. gr. in the molten condition, which ranges between 0.808 and 
0.816 at a temperature of 98° to 99° (water at 15.5°=1.0). 

Spermaceti is insoluble in water, but dissolves in boiling alcohol, 
ether, chloroform, carbon disulphide, and fixed and volatile oils. 
Cold alcohol dissolves the adhering oil only. From its solution in hot 
alcohol or ether it separates in crystalline form, and, after repeated 
purification in this manner, the m. p. reaches to 53.5°, and the 
crystals consist of pure cetin. 

Cetin or Cetyl Palmitate, C,sH,,.0.C,6H;,0, is the chief con- 
stituent of spermaceti, which, in addition, contains certain homologous 
ethers. Thus, on saponification it yields: 


Acids Alcohols 
bg Hoh eterpitene MARA dct ee Cr2H240.| Dodecyl alcohol........... CyeEige®) 
MUN TISTLC 22 Be pilots le. se acute Ci4H.80.} Tetradecyl alcohol......... C:4H300 
PainistiCe eerie ete eee Cr6H3202) Getylalcoholl>.cacme aces C16H34,02 
DECATIC csonl se nunesstreserines GesliggOn) Octadecylualcoholie.a5 4: ... CygH3802 


Cetyl Alcohol, C,;-H,,.OH, may be obtained in a state of approxi- 
mate purity by saponifying spermaceti previously crystallised from 
hot alcohol. On evaporation of its ethereal solution, cetyl alcohol re- 
mains as a white or yellowish-white, tasteless, inodorous, crystalline 
mass, melting at 49.5°. When carefully heated it distils without de- 
composition at about 400°, and is volatile with the vapour of water. 
It is quite insoluble in water, but readily soluble in alcohol, ether, and 
petroleum spirit. 

When heated with potash-lime to a temperature of 250°-280°, 
cetyl alcohol is converted into potassium palmitate, with evolution of 
hydrogen. 

Cetyl alcohol heated with glacial acetic acid forms cetyl acetate, 
C,6H;;.C.H;O,, a crystalline substance melting at 22° to 23°, and 
boiling at 200° under a pressure of 15 mm. 

The proportion of potassium hydroxide required for the saponifica- 
tion of spermaceti is about 12.8%, corresponding to a saponification- 


° 
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equivalent of 438. The molecular weight of cetyl palmitate is 480, and 
hence these figures point to the presence of a notable proportion of 
lower homologues of palmitic acid, such as have been proved by other 
means to exist in spermaceti. 

On saponification, agitation of the aqueous solution of the resultant 
soap with ether, and subsequent decomposition of the soap solution 
with an acid, Allen found a sample of spermaceti to yield: 


Eligheralcohols, meltine rata yeni ete: clelcr cies lee 51.48% 

Fatty acids, mean combining weight, 231.4.. Te 2 200-75 
Pure cetyl palmitate would yield, theoretically 

Cetyl-alcohol; meltingsat)40)..5ca-tesseye = =.) Me SOSAL Vy 

Palmitic acid, combining weight, ‘256. thai earehiek tam asain Reese lo 


Commercial Spermaceti.—Spermaceti is liable to turn yellow and 
rancid on exposure to air. Hehner found 2 out of 3 samples to 
be wholly devoid of free acid, while the third had an acidity correspond- 
ing to 0.81% of free palmitic acid.. 12 samples examined by Kebler* 
ranged in acid value from 0.09 to 0.47 (=0.04 to 0.21% of palmitic acid) 
and in saponification value from 124.8 to 136.3. Five specimens of 
genuine spermaceti examined by Dunlop? gave the following results: 


Sample number I 2 3 | 4 | 5 
Spermaceti Bh ae : 
aes ““head-matter’’ o efined spermaceti from a 
Description Cachalot; extracted in reliable source 
laboratory. 
| 
ear G Falenn Gpeeiaiee syeneeraysiets 41-41.5 41-42 44-44.5 | 44.5-46 45-45.5 
A Pate idg point: ® achater et siatats 6 Ai alee eee ete 44 45.7 ‘| 45 
Todine value (Wiis) Rystha: sipisieelel|ie: uses: spabaienecs 0533 7.25 S532 Bae 
Saponification value ........ 129.0 I29.0 120.6 121.8 120.6 
Wax alcohols, etc., % ...... 54.22 53-20 53.00 Bees OM He cc erate 
Hatiyacids 0 et. sles ewes BOs7S 0) Wee eteata nes OWS ls conics cece ouiere masta 
reel (Glee FA CIC MOD teycra etasensrerc eile. ero /alia ene’! | Gsecasakcvevayeusialllecs ists sMeueteis 0.10 0.24 
Mops of tatty acids: «6.6.00. LEERY MWe oes ate BQ io S AON e Miliclevs: aissetaye ayeiliezekahetaeksroxere 
M. p. of wax alcohols, etc. ....| 46-46.5 |45.5—-46 47-47.5 | 47.5-48 |47.5-48 
Iodine value of wax alcohols, 
SLCH Reine motets cs ¢ sl villeas (sae 6.3.8 6.35 4.26 3-41 2.98 


Dunlop directs attention to the iodine values found by him, which 
are considerably higher than those hitherto recorded. Pure spermaceti 
absorbs no iodine. Lewkowitsch found commercial samples of the 
wax absorbed from 3.52 to 4.09%, due, probably, to small amounts of 
sperm oil adhering to the spermaceti. In the case of Dunlop’s No. 2 


1 Rev. intern. falsif., 10, 208; .J. Soc. Chem. Ind., 1898, 17, 383. 
2 J. Soc. Chem. Ind., 1908, 27, 63 
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sample, the exceptionally high iodine value is accounted for by the 
presence of more sperm oil than usual, owing to the low temperature 
and pressure employed in its preparation. 

The behaviour on saponification, low acid and iodine values, to- 
gether with its physical characters, amply suffice to identify spermaceti 
and to detect any admixture. The most likely adulterants are 
stearic and palmitic acids, stearin, tallow, and paraffin wax. 

Palmitic and stearic acid will be detected and determined by estimat- 
ing the free acid of the sample by titration with standard alkali and 
phenolphthalein, any proportion of acid less than 1% being neglected: 
An admixture of beeswax would somewhat increase the acidity of the 
sample. Added fatty acids may also be detected by melting the 
sample in a test-tube immersed in boiling water, agitating with 2 
volumes of ammonia of 0.960 sp. gr., and allowing the whole to cool. 
If the spermaceti be pure, it will rise to the surface and leave the am- 
monia nearly or entirely clear; but if adulterated with stearic acid, a 
thick white emulsion will be formed, which retains the spermaceti if the 
proportion of the adulterant be large, but allows it to rise and form a 
separate layer if the stearic acid is present only in moderate amount. 
1% of the adulterant is said to be recognisable by this test. Dunlop 
found it reliable, down to about 3%, but with smaller quantities the 
test appeared somewhat uncertain. 

Tallow and stearin are recognisable in spermaceti by the iodine 
value being in excess of the numbers given above; by the change in the 
fracture, feel, and appearance of the sample; and by the tallowy smell 
produced on heating. They will also be indicated by the results of the 
saponification of the sample. In presence of either adulterant the per- 
centage of alkali required for saponification will be increased, the 
saponification-equivalent correspondingly lowered, while the ether- 
extract will be diminished and the percentage of fatty acids increased 
almost in direct proportion to the extent of the adulteration. The 
saponification-equivalent of spermaceti averaging about 438 and that 
of tallow about 288, each unit per cent. of the adulterant will reduce 
the saponification-equivalent by 1.5. Thus, if a sample be found to 
require 14.78% of potassium hydroxide for saponification, correspond- 
ing to an equivalent of 380, the proportion of tallow may be assumed to 
be 

(438 —380) X2 


3 


= 33.7% 
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If free fatty acids are present, together with neutral fats, the same 
method of calculation will show approximately the sum of the two 
adulterants and, the fatty acids having been previously estimated, 
the proportion of fats can be ascertained; or, preferably, the fatty acids 
may be previously estimated in the same portion of the sample, 
and only the additional quantity of alkali required for the saponifica- 
tion of the neutral fat taken into account in the calculation. The 
ether-residue from genuine spermaceti being at least 50%, and from 
fatty acids and neutral fats practically nil, the percentage of such 
adulterants can be ascertained with accuracy. Each unit % of ether- 
residue obtained, represents approximately, 2% of real spermaceti in 
the sample. 

Paraffin diminishes notably the sp. gr. of the sample, yields 100% 
of ether-residue, neutralises no alkali, and cannot, by admixture with 
any proportion of fatty acid or fat, be made to give results on saponifi- 
cation similar to those yielded by genuine spermaceti. Thus, a 
mixture of equal parts of paraffin and tallow will yield 50% of ether- 
residue, but the saponification-equivalent will be about 576. Paraffin 
can be detected by Holde’s test, as in the case of sperm oil, as little 
as 3.5% being capable of detection according to Dunlop. Smaller 
quantities may, however, be detected by boiling the unsaponifiable 
matter with acetic anhydride and observing the behaviour of the solu- 
tion. If the spermaceti is genuine, the solution remains clear on 
cooling, but if paraffin wax is present, it becomes turbid, owing to 
separation of the latter. As little as 1% of paraffin wax in spermaceti 
can be detected in this manner (Dunlop). 
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BUTTER FAT. 


Bye CECIU: REVIS,-A7C..G, Lj,cAND E.R, BOLTON. 


(See p. 72.) Butter fat is the fat of milk. When used without 
qualification the term means the fat from cow’s milk, but the milks of 
other animals yield similar products. 

Butter fat, as obtained from butter, has the well-known colour, taste, 
and smell of butter itself. The melting and solidifying points differ 
considerably in different samples, being influenced by the mode of 
feeding and other factors. According to Meyer: (Milch Zeit., 1892, 21, 
49) the-m. p. is lowered by food consisting of easily digestible car- 
bohydrates, but raised by straw, oil cakes, and sour fodder. Bell states 
that the m. p. is usually comprised between 29.5° and 33°, the maxi- 
mum being 34.7°. These figures are in agreement with those of other 
observers. The sp. gr. and the coefficient of expansion are higher than 
those of most of the fats likely to be used for adulteration. 

Butter (save for small quantities of unsaponifiable matter, discussed 
later) is composed almost exclusively of triglycerides of the fatty acids. 
The characteristic constituent is the radicle of butyric acid, which is 
present together with certain of its higher homologues. 

Bell obtained the following products by saponifying roo parts of 
butter fat. 


Buby rICMACIOonis. ace et. le etre ree 6.13 
Caproic, caprylic and capric acids.... 2.09 (mean combining 
weight = 136) 
Myristic, palmitic, and stearic acids.. 49.46 \ Morte 
Oleice acide qos). dele nsreeramens Siew 36.10 f °9"9 
Glycerolt(calenlated) ioe). caan 12.54 
106.32 


The fatty acids soluble in water were regarded as butyric acid. 
Those soluble in hot water only appear in the analysis as caproic acid, 
etc., the combining weight being deduced from the amount of barium 
carbonate left on igniting the salts. 
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Browne (J. Amer. Chem. Soc., 1899, 21, 807) gives the following 
composition: 


: Percentage of 
Acid Percentage of acid ven ae 
Dilty.drOxySteAriC jemi cree lyre 1,00 I.04 
@leichres wren te Sars vce hete mernene 32.50 33-95 
Steani Gevaert eu cle a cnet elotn chore: «yan 1.83 I.Q1 
LEED Pratl Gora sSia tea 6 lore clown c, Molo 38.61 40.51 
IMINO oe eb mano oldo dao 3010s Ser 9.89 10.44 
GALT Gare crriate cist tn chetortacie Bhar aerersteens Sy) 2373 
(Cy eels sgeonssocee ono ca ot ace 0.32 0.34 
@aprylicn tive 1 cine ch oe naga ot 0.49 0.53 
Waproicrceramutees soci sarsp abexen 2.09 2.32 
(Buty riGan. ameter waar aca se aie 5.45 6.23 
AI Ota Se ractevantetets ey vier 4 ols Geo Okwanes 94.75 I00.00 


According to Duclaux (Compt. rend., 1886, 102, 1022), butter fat 
contains from 2 to 2.26% of caproic and from 3.38 to 3.65% of 
butyric acid. 

Lewkowitsch (Oils, Fats and Waxes, 4th Ed., 668) only finds 0.49% 
of stearic acid in the insoluble fatty acids of a butter fat giving a 
Reichert-Meissl value of 28.1. Hehner and Mitchell also found very 
small proportions of stearic acid, and in some cases none. Some ob- 
servers have found amounts over 6% but in view of the above, these 
results must be accepted with reserve. James Bell (The Chemistry of 
Foods, 2, 44) designated a mixed ester found by him as glyceryl 
palmito-butyrate; A. W. Blyth and Robertson (Proc. Chem. Soc., 
1886, 5), designated an ester examined by them as glyceryl stearo- 
palmito-butyrate. : 

Examination of Butter Fat.—The examination of butter fat is 
undertaken for the purpose of detecting adulteration with foreign fats. 
Many substances have been described as being used for such 
purpose, but the fats used are practically confined to lard, oleo products, 
and coconut oil. Cottonseed oil, stiffened with beef stearin, and 
cottonseed stearin, and other vegetable oils are also used, but these 
latter are very easy of detection. The adulteration may consist of the 
entire substitution of margarine (oleomargarine) for the butter, in 
which case no difficulty is experienced in detection, or one or more of 
the above-mentioned foreign fats may be used, when small sophistica- 
tions (under 10%) are often difficult to certify, especially if a judicious 
mixture has been used. Coconut oil probably seldom finds its way 
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into butter directly, but as a constituent of substitutes. It is therefore 
absolutely necessary not to rely on any one test, the use of two or three 
reliable methods, however, being usually quite sufficient to detect the 
most skilful adulteration. 

During the last few years, many methods have arisen for the purpose 
of detecting one or other form of adulteration in butter.’ As, however, 
many of these either fail to effect the required result, or are no advance 
on existing methods, only such are here given as are easy of application, 
of real utility, and which, with one exception, are used fairly generally. 
In all forms of butter fat analysis, reference to limits for true butter fat 
is an absolute necessity; a selection of the results obtained by various 
observers with each method is therefore given: 

The methods here described are those which directly or indirectly 
obtain values for: (1) The refractive index of the fat; (2) the con- 
tent of volable fatty acids soluble and insoluble in water; (3) the 
sp. gr. of the fat; (4) the mean molecular weight of the total fatty 
acids; (5) the mean molecular weight of the soluble and insoluble 
fatty acids. 

1. The Refractive Index of the Fat.—This test is of considerable 
value for quickly detecting very flagrant adulteration; it breaks down 
in however the case of the more skilful forms of scientifically made 
mixtures. This will be understood when one considers that coconut and 
palm-kernel oils give a lower figure than butter fat, while beef fat, lard, 
and other adulterants give higher figures. Itis obvious, therefore, that 
mixtures can be made to give the same reading as genuine butter fat. 
Notwithstanding this, the test is so quickly and easily performed, and 
so often affords immediate indication as to the direction of the adultera- 
tion, that it should not be neglected. 

Several different forms of instrument are made for measuring the 
refractive index of fats. / 

The Zeiss Butyro-refractometer is by far the most convenient, re- 
quiring only about 5 drops of the fat; and reading with extreme deli- 
~ cacy. The scale is an arbitrary one, and may be Converted to re- 
refractive index (Np) if required. It should be noted that free fatty 
acids tend to reduce the reading, but the amount usually contained in 
butter fat is too small to produce any effect. Much confusion has 
arisen owing to there not being any fixed temperature at which to 
make the observation, and various workers have unfortunately chosen 
different temperatures. The most used temperature is 40°, and it 
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is hoped that this will become universal. Readings taken at other 
temperatures may be converted fairly well by subtracting or adding 
0.55 of a scale division for every degree rise or fall in temperature— 
the refraction being reduced as the temperature rises. In order that 
the reading may be taken at any temperature and quickly converted 
to the equivalent at the standard temperature, Leach and Lythgoe 
have devised a special slide rule to perform the calculation, and also to 
convert the Zeiss scale to Np or vice versa if required. They take 
account of the fact that the correction is not the same for all fats. 
Richmond (Analyst, 1907, 32, 44) criticises this rule adversely and points 
out sources of error. To avoid chance of error it is therefore better to 
take the reading at the temperature required, in which case the 
Zeiss water-heating apparatus should be used, by the use of which the 
prisms of the instrument may be brought to the required temperature 
in a few minutes, and maintained within a few tenths of a degree for a 
considerable time. Richmond (zbid.) gives the following method for 
the preparation of a correction chart: 

‘“‘In the centre of a sheet of squared paper, at least 20 units by 12, 
lay out vertically the 35° line, dividing it into 100 parts. At the 109 
line draw a line perpendicular to this on both sides and lay out tem- 
peratures 1°=o.7 unit; at the 24 line draw a similar line, laying out 
temperatures 1°=0.5 unit. Join the corresponding temperatures ex- 
tending them to zero. These will be the temperature lines. On the 
tog line find a point 8.5 units to the right; join this and too on the 
35° line, extending it across the sheet; draw through each 5 on the 35 
line lines of refraction parallel to this. To correct readings, find cor- 
responding temperature and refraction lines. The correction is the 
number of units between lines corresponding to the temperature read 
and the temperature to which it is to be corrected, measured hori- 
zontally.” 

The following figures have been recorded: 

Norwegian (Rifle), 38.7 (December) to 43.7 (June) at 45°; mean 39.5 
to 41.95. ; 

Russian (Lewin), 38.4 to 42.0 at 45°. 

British (Thorpe) 371 samples from various farms and colleges. 
37.3 to 43.0 at 45°. 

Dutch (Bemelmanns), stall-fed cows 41.9 (November) to 43.2 
(September), and for cows kept in the open field 43.3 to 47.6. 

Dutch (Fritzsche), 42.0 to 45.4 at 40°. 


BUTTER FAT. 283 


Ludwig, for r10 samples of pure butter (1906) 40.0 to 43.6 at 40°. 

Observation of the refractive index of the fatty acids themselves has 
been suggested. Reference should be made to Ludwig (Zeit. Unters. 
Nahr.-Genussm, 1907, 14, 208; Sprinkmeyer and Fiirstenberg (<bid., 
213); Sudendorf (ibid., 217), and Dons (1906, 13, 257). 

2. The Content of Volatile Fatty Acids, Soluble and Insoluble, 
in Water.—(The words “soluble” and ‘‘insoluble” are relative. 
Soluble or insoluble in the quantity of water employed is meant.) 
Butter itself is distinguished by the large percentage of volatile water- 
soluble acids which it contains as compared with practically every other 
fat. The volatile water-soluble acids of butter are almost entirely 
butyric acid and caproic acid. The volatile water-insoluble acids are 
very small in amount and consist practically of caprylic acid, with 
traces of capric and lauric acids. Lard and oleo-products contain 
practically no volatile water-soluble acids, while in coconut oil and 
palm-kernel oil the volatile acids, though higher than in most fats other 
than butter fat, consist for the greater part of water-insoluble acids. 
These facts enable the following general deductions to be made: 

1. Lard and oleo-products will reduce the percentage of volatile 
water-soluble acids. 

2. Coconut oil will increase the percentage of volatile water-insoluble 
acids. 

To ascertain the actual percentages of these acids is a difficult pro- 
cess, but the Reichert-Meissl-Polenske method allows of the estima- 
tion of such a quantity of these acids as shall give sufficient information. 
This process, which is described below, is a standard method. The 
result of a large amount of criticism is to show that the process must be 
carried out under standard conditions, and with the greatest attention 
to details, if comparative results are to be obtained by different ob- 
servers. The details of procedure here given are of a standard nature 
and include Polenske’s original dimensions for the apparatus. 

A short table of limits is appended, but to avoid complication, no 
other figures are given here, as the Polenske figure depends on the type 
of apparatus, etc., used. As, however, the Reichert-Meissl figure is in 
itself a standard value in butter analysis, a large number of references 
to this figure are given. It must, however, be borne in mind that this 
figure also depends slightly on the form of apparatus, etc. 

It is necessary to draw attention to the fact that the Reichert-Meissl 
figure is not lowered proportionately to the amount of added lard or 
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margarine, and also that the addition of these produces a slight, but 
distinct increase in the Polenske figure in many cases, which might be 
taken as indicating coconut oil. 

Many methods for the detection of coconut oil have been published 
during the last few years. As, however, none is any advance on the 
standard process here described, reference only to some of the papers 
is here given. 

Hanus, Zeit. Unters. Nahr.- Genussm., 1907, 13, 18-24. 

Robin, Compt. rend., 1906, 143, 512-514. 

Dons, Zeit. Nahr.-Genussm., 1907, 14, 333-342: 

Wijsman and Reijst, Zeit. Nahr.- Genussm., 1906, 11, 267-271. 

The following table showing the Reichert-Meissl figures for Danish 
State Control butter for one year is exceedingly interesting. The rise 
and fall in the minimum figure is clearly marked, and the period of the 
year when low figures may also be expected. 


1906 - 1907 
R. M. No. 


Nov. | Dec. || Jan. | Feb. |March |April | May |June | July |Aug. |Sept.'| Oct. 


30and above | 279 | 202 || 468 | 636 | 1005 |1063 | 831 | 566 | 303 57 33 |) t35 


29-30 secsee 456 | 474 || 42t | 415 445 | 561 | 651 } 696 | 699 | 293 | 180 | 382 
BBW 30K aces 2 385 | 405 || 365 | 334 256 | 220 | 268 | 381 | 686 | 593 | 394 | 393 
D998 east. 3 203 | 309 || 295 | 254 124 89 93 | 148 | 251 | 499 | 457 | 278 
a OPA iiss erect rss | 176 || e247 | zr07 38 37 24 6a | rr5 | 256 | 377 | 264 
BGO) te varciene 147 94 81 a7 10} 16 9 Is 27 | r03 | aro | 273 
BADE ceteris I29 30 32 3 t I 2 2 4 36 54 | 213 
under 24 ...| 98 13 II ° ° ° ° ° 9 18 99 


For low Danish R. M. values see Swaving (Zeit. Unters. Nahr.- 
Genussm., 1906, II, 505). 

British butters (1901) (Thorpe) from a large number of farms and 
agricultural colleges. The table does not include Irish butters. 


| May |June | July | Aug. | Sept. | Oct. Now. Dec. | Jan. | Feb. | Mar. |April 

Mins... 26 | 26.0) 22 1 
Banas : F +5| 23.4) 22.4 |22.31) 23.3] 23.9] 25.6] 22.0] 27.1] 25.3 
MaxNaecsss en ee 32.8) 32.4 cai! 29.5 |29.6 | 32.9] 30.4) 31.0] 31.6] 34.3] 33.1 


Norwegian butters (Rifle) 1898-10901. 
Min., 21.1 June. 
Max., 34.8 November. 
Means, 28.5 (July) —31.0 (Jan. and Feb.). 


1 One farm gave 19.4. 
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German butters (Ludwig), 26.0-32.6 for 110 samples, 1906. 
Duich butters (Bemelmanns), 1905. 
Stall-fed, 29.6 (Sept.) —33.4 (March). 
In open fields, 20.11 (Oct.) —32.6 (March). 
Note the low figure for the exposed cattle. 
Australian and New Zealand (Theodor), 1903-04. 
26.5—30.4. These butters are usually distinguished by high 
values. 

Canadtan (Theodor), 27.7 —30.7. 

The Reichert-Meissl figure is undoubtedly depressed in butter de- 
rived from cows: that have been poorly fed and badly housed, 
especially in low temperatures. It is undoubtedly these causes which 
led to the low figures so common in Siberian butter, and which brought 
them under grave suspicion. The figure also shows a regular fall 
during the lactation period in individual cows, so that, when calving 
takes place almost entirely at one period, as for instance in Ireland, 
periods of low Reichert-Meissl values will be found. To obviate this, 
calving should be spread over the whole year. This is well seen in the 
following table (Handby Ball, Analyst, 1907, 32, 202). 


Reichert- Polenske’s | Zeiss butyro- S fi 

Dairy Meissl new butter |refractometer nee hod 

value value 45° CaS 
Meiinericks. os acts tino DG) Lay TS 42.1 222.6 
Bure errs katie ereialer see olcvals 2S 10 42.2 2205 
IMM Gee cas pao boosts 22h ROS 41.4 224.8 
Clonmelins seis ste sites 23.5 Ta 41.8 224.8 
ALD PETAL cl-teeeincisie cies 220 T.5 42.0 22S 


3. Specific Gravity of Butter Fat.—This was suggested by 
James Bell, who showed that melted butter fat is of sensibly higher 
sp. gr. than lard or margarine. Bell took the sp. gr. of the fat at 
100° F. (37. 8°) by means of a sp. gr. bottle furnished with a thermom- 
eter, and his figures express the sp. gr. at 100° F., as compared with that 
of water at the same temperature. Some chemists take the sp. gr. 
at 100° and thereby greatly diminish the sensitiveness of the test, in 
that the difference between butter fat and most fats likely to be used 
as adulterants is not so great at the high temperature, owing to the 
greater coefficient of expansion of butter fat. 

Skalweit (J. Soc. Chem. Ind., 1894, 13, 54) finds that the differences 
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between butter fat and the fats likely to be used as adulterants are 
greatest at 35°, and this he shows in the following table: 


‘Temperature Lard Margarine “Butterine”’ Butter fat 
35 ©.9OIg ©.90I7 ©.9019 0.9121 
50 0.8923 0.8921 0.8923 | ©.QOI7 
60 0.8859 0.8857 0.8858 0.8948 
70 0.8795 0.8793 0.8793 0.8879 
80 0.8731 0.8729 0.8728 0.8810 
go 0.8668 0.8665 0.8663 0.8741 
100 0.8605 0.8601 0.8598 0.8672 
Bell gave o.g11-0.913 (113 samples) at = as limits. They are, 


however, too narrow. 

Thorpe for 361 samples of British made butters gave 0.90935- 
0.9135. 

Lewin for Russian butters 0.911-0.91238, and for Siberian butters 
0.91058-0.91204. 

4. The Mean Molecular Weight of the Total Fatty Acids.—On 
account of the large percentage of esters of the lower fatty acids in 
butter fat, the mean molecular weight of the total acids will be lower 
than that of most fats, with the exception of coconut and palm-kernel 
oils. It therefore constitutes a valuable figure in the examination of 
butter fat. In practice it is usual not to actually determine the mean 
molecular weight, but the potassium hydroxide necessary to saponify 
1 gm. of the fat. This value is called the Kéttstorfer or Saponifica- 
tion Value. If the weight of fatty acids used is known, the mean 
molecular weight is easily obtained. 

Lard and oleo-products and most other fats have a lower saponifica- 
tion value than butter fat, while coconut and palm-kernel oils have a 
higher value. It is therefore possible to adjust the admixture of these 
in butter in such a way that the saponification value is practically 
unaltered. 

Kottstorfer gave 221.5 to 233.0 as limits for genuine butter. 

Fritzsche for Danish butters 221.1 to 231.9, but for one department 
217.7 to 218.9. 

Bemelmanns for Dutch butters 226.5 to 235.1 (lowest in June and 
highest in March) for stall-fed cattle; and 213.0 to 232.9 (lowest in 
October and highest in March) for cattle kept in the open field. 
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Avé Lallemant for German butters, 220.3 to 241.1 (mean 227.4). 

Thorpe for 347 samples of British butters, 215.8 to 239.8. 

Arnold gives for margarine, 195.5 to 197.1; for oleomargarine, 
196.4 to 198.0; for lard, 195.3 to 199.7; for coconut oil the value is 255 
to 259; for palm-kernel oil the value is 243 to 250. 

5. Mean Molecular Weights of Soluble and Insoluble Fatty 
Acids and the Relation Between these Values.—The data de- 
rived from methods involving directly or indirectly these estimations 
are of more value than any for the detection of adulteration. At the 
same time the available methods are long and laborious. The mean 
molecular weight of the insoluble fatty acids can be ascertained by the 
method of Hehner and Angell, 7. ¢., saponification of the fat, libera- 
tion of the fatty acids and the washing out of the soluble acids with large 
quantities of water, drying, weighing, and saponifying the insoluble 
acids. According to Juckenack and Pasternack (Zeit. Unters. Nahr.- 
Genussm., 1904, 7) 193), the mean molecular weights of both classes of 
fatty acids may be determined by steam distillation of the mixed fatty 
acids after acidification of the soaps. ‘The acids being thus separated, 
their weights and saponification values are found and so the mean 
molecular weights. The following are limits obtained in this way by 
the latter authors: 

Mean mol. wt. of water-soluble acids in pure butter, 95.0 to 99.0. 

Mean mol. wt. of non-volatile acids in pure butter, 259.5 to 261.0. 

Mean mol. wt. of water-soluble acids in coconut oil, 130.0 to 145.0. 

Mean mol. wt. of non-volatile acids in coconut oil, 208.5 to 210.5. 

Mean mol. wt. of non-volatile acids in lard, 271.5 to 273.5. 

Olig and Tillmans (Zeit. Unters. Nahr.-Genussm, 1905, 10, 728) give, 
however, for Danish butters (autumn) much higher values, viz., 255.4 
to 271.6 for the non-volatile acids. Siegfeld (Mulch Zentralblatt, 
1905, I, 155) confirms these figures for autumn and winter Danish 
butters: 

Mean mol. wt. of volatile acids, 97.2 to 104.4. 

Mean mol. wt. of non-volatile acids, 255.0 to 269.1. 

Arnold gives the following figures for lard compounds: 

Mean mol. wt. of non-volatile acids, margarine, 272.6 to 275.0. 
Mean mol. wt. of non-volatile acids, oleomargarine, 271.6 to 272.8. 
Mean mol. wt. of non-volatile acids, lard, 272.4 to 275.8. 

The writers using Juckenack and Pasternack’s method have ob- 
tained rather variable results. The difficulty appears to consist in the 
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fact that a variable quantity of the non-volatile acids is carried over 
mechanically during steam distillation, and no sharp dividing line is 
possible. 

The following table showing the relation of soluble acids (calculated 
as butyric acid) to insoluble acids for a number of British butters is 
taken from values published by Thorpe. 


Minimum Maximum 

Soluble Insoluble Soluble Insoluble 
IME oon aa mere ces 88.11 6.27 87.00 
UEC tee ees 4.92 89.32 6.79 86.91 
ily iterate sleucte < 4.21 89.45 5.62 88.54 
PATIO ie st seuatetecs 4.31 89.76 Sei fe 87.99 
Sept.. 4.15 go.or 5.90 88.42 
OC E tS ects Sis Shaul 90.73 5.62 88.49 
INOVieisisaraiele« 4.15 89.91 (See WER) altace 
DeGeaieaie cies ss 4.09 90.44 O73) amen emery ae 
QI ee he Phat case 4.54 89.39 6.03 87.20 
DGD For iioiags a2 4.09 89.71 6.04 87.60 
MEAT CIF sets aoe 5.00 88.73 6.67 87.36 
April 4.86 89.00 5.42 ee ied! mean 


The method of Avé Lallemant (Zeit. Unters. Nahr. -Genussm., 1907, 
14, 317) is directed to a very similar end, but in this case the barium 
saponification numbers of the acids forming water soluble and in- 
soluble barium salts are determined. The method, though very re- 
cent, has been criticised most favorably by Fritzsche (Zeit. Unters. 
Nahr.-Genussm., 1907, 14, 329) and has, in the writers’ hands, given 
such excellent results that it is here detailed in full as giving the most 
useful information. It is simple and easy of manipulation, and has the 
exceptional advantage that while giving evidence of the presence of either 
coconut oil or lard compounds, the effect of the presence of these to- 
gether is additive and not mutually destructive as in many other 
forms of investigation. The actual mean molecular weights are 
easily determined by the use of the following formule: 


B=Insoluble Baryta value (see below). 

C=Soluble Baryta value (see below). 

K=Saponification value. 

U=Unsaponifiable matter. 

Mo=Mean mol. wt. of fatty acids forming insoluble barium salts, 
M:=Mean mol. wt. of fatty acids forming soluble barium salts. 
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S \ total fatty acids. 
So ¢ weight of 4 acids forming insoluble barium salts. 
S 


I acids forming soluble barium salts. 


gles + 1000 
fo} 76. ° . 
S=1—(KX0.0002258+ U). 
Sri So! 


M, =O X 1000, 


S. is directly estimated by drying and weighing the insoluble 
barium soaps and igniting. 
As values for M, Avé Lallemant gives: 


For butter fat; 110.3. 
For lard, 281.1 
For coconut oil, 145.8 


The following figures are given by him: 


R.M. b— 
Fat fig. a b c (200+c) 
| 

oy (Mascaro renee 32.3 | 329.6 | 254.8 | 76.7 | —23.8 
ae e IM NPT aM ERM. soa Opa ana 24.6 | 300.9 | 247.4 | 50.8 | — 0.7 
ica Wea nietteracitciertsisia stiea on: 28.7) 3fO.7 | 250.7 | 60:3 | — 9.6 
iButterey-creia eee err etiam ee f 29.9 | 313.0 | 253.0 | 60.0 | — 7.0 
Putter 10% lard. nei e ss. ele se ee 26.3 | 300.7 | 254.6 | 52.1 | + 2.5 
ISWCNE 6 omer Soca se aro mene 27.5 | 308.0 | 249.0 | 59.0 | —10.0 
Butter+ 10% coconut oil............ 28.8 |) 318.2. 250.2 | 59.0 | ++ 0.2 
Bitters 10, land twee ersten cr ieeeF: BOONES ET l25S)..2) | 153 oUt Alar 


He states that butter has always a negative value for b—(200+¢c), 
while for a number of other fats it is always positive and not less than 
+ 39.0. ; 

The writers are of the opinion that this formula must not be ad- 
hered to too strictly, as in certain cases with mixtures of butter fat 
and coconut oil negative values are obtained for b—(200+c), but in 
such mixtures they have always found the value for b to exceed 
260.00, while in cases of butter fat which give only a very small nega- 
tive value for b—(200+c) the value for c is always well below 260.00. 

It must be borne carefully in mind that the values obtained in the 
methods given above have a distinct connection one with another. 
This is perhaps best illustrated by a study of the following table due 
to Thorpe. 


1 The figures for a, b and c do not correspond, as they do not belong to the same sample. 
Vol. II.—19 


/ 
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357 samples of butter fat by Thorpe (J. Chem. S0G,) 190% 35 


254). 
Zeiss buty- Mean 
i Sp. gt. i - | Soluble? | Insoluble | molecular 
hert- Saponifi- | ro-refrac oluble : L 
No. le £ Walls 37.8° a tnes tometer —_ % eats fe vee 
poe alue! | number at | on fat on fa insoluble 
number. 378° Vv a paces 
: 66.9 
i 22.5 O.QI10L 219.65 42.0 4.3 90.1 2 
ry 23.5 0.9104 221.39 41.5 4.5 89.7 265.5 
15 24.5 0.9108 223.24 41.5 4.7 89.4 265.0 
a7 25.5 ©.91I0 223.41 41.3 4.8 89.3 264.2 
a4 26.5 ©.9113 225.39 41.0 4.9 88.9 261.9 
sr 27.5 O.9114 226.75 40.6 5.2 88.7 261.7 
78 28.8 0.9118 228.32 40.1 Bz 88.4 260.9 
56 29.5 0.9120 229.91 40.1 5.6 88.3 259.6 
41 30.5 0.9123 231.43 39.9 5.8 87.9 260.1 
18 Chee) 0.9125 232.30 ROR 7, Si. 87.9 ;Y 2g8.0 
10 32.0 0.9130 232.58 39.4 6.0 87.7 257.8 
Bi 


The following table gives a few results obtained by the writers using 
the above methods: ‘ 


Val Tod. |R.M.} Pol.| Sap. Total | Insol. |Sol.Ba} b— 
=a No: Val. | Val.| Val. Ba (a) | Ba (b) | (c) |(200+¢c) 

IWMI Nie 90 G6 2858) 33.0) 25.7 \13i20) 22004 | 802.2) 255.4 10 SO,cue—— ed 
Butter A \ 

+ 25.2\|°30.4 | 20.0) 4.1 | 237.2 | 3r5-0)| 262.8) 53.0 ony 
10% coconut oil | 
IB Utter, Dscrentericl: Bost) BOSE} | Ghee .5 | 227.8] 311.4] 254.8 | 56.6] —1.8 
Butter B 

+ 26.4 | 33-7 | 25.8 | 3.9 | 230.3 | 314.8] 260.5 | 54.3] +6.2 
10% coconut oil ; 
Butter © serena ce 27.<0'|-35.7 | 30.5 13.5 | 227.0 | 350.3 | Boer 55.2 |) —O.m 
Butter C \ 

+ 24.0 | 32.8 | 28.0] 4.3 | 230.5 | 315.1 | 263.6] 52.5 | +12.1 
10% coconut oil J 
Butters) sete vic 30.2 | 38.7 | 30.8} 2.9 | 224.8 | 307.3 | 252.8 | 54.5] —1.7 
Butter D | 

+ 35-2] 40.6) 27. 74 lea te 03.2] 254.6 | 48.6] +6.6 
re% lard j 7-7 393 54 
Estimations. 


Buiter fat is conveniently prepared from butter. 
quantity is melted in a beaker by standing in water at 50° to 60°. 


1 Calculated by Lewkowitsch from the saponification 


2 Calculated as butyric acid. 


The required 


-equivalents given by Thorpe. 
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As soon as the water and the bulk of the curd have settled, the fat is 
poured on to a dry, warm, thick, plaited filter, keeping the filter warm 
during filtration. The fat so obtained should be clear and bright; 
if not so, it should be warmed and refiltered. The fat must at no 
time be heated above 60°. 

The following method due to Stokes is excellent, especially when 
only a small quantity of the fat is wanted quickly. A strong tube about 
6 in. long and 0.75 in diameter, tapered at one end, is used. Both 
ends are open, and can be closed with corks. The tube is warmed and 
pushed through the butter till the tube is full. The corks are inserted 
and the tube placed in water at about 55° to 60° until the contents are 
liquid, rotated while warm and then a good plug of dry absorbent 
cotton wool is pushed down through the fat by means of a perforated 
metal plunger fitting the tube. The fat passing the cotton is 
obtained clear and bright and ready for use. By having the small 
end of the tube graduated, a rough idea of the water content is 
also obtained. 

1. Construction and Mode of Action of Wollny’s Butter 
Refractometer; Zeiss’ Butyro-refractometer.—The butter refrac- 
tometer consists of a heatable Abbé double prism and a permanently 
attached telescope, the objective of which is adjustable in a slide by 
means of a micrometer screw. A scale, graduated from 5 to 105, is 
placed in the focal plane of the telescope objective; the upper lens of 
the ocular is adjustable in order to be able to focus the lines and 
figures of the scale clearly. 

Clear daylight is projected into the double prism by the mirror 
(J) and penetrates through the stratum of fluid between the prisms. 
The naturally coloured border-line of total reflection, produced by this 
passage of rays in the focal plane of the telescope, hence also in the 
plane of the scale, is achromatised in the case of pure butter by virtue 
of the special construction of the glass prism turned toward the tele- 
scope. Thus a sharp colourless border-line, which intersects the scale 
vertically, is seen in the ocular between a light and a dark section of the 
field of view. The accuracy of the measurement to be made then de- 
pends on the exact determination of the point in the scale through which 
the border-line passes. With the aid of a detailed table supplied with 
each instrument, the divisions of the scale can be converted into 
refractive indices. 

Arrangement of the Refractometer and of the Heating Appliance.—The 
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apparatus is withdrawn from its case by taking hold of the base plate 
or the telescope carrier—never the telescope itself—and placed in a 
convenient position for looking into the telescope. The illumination 
may be supplied either by the daylight coming in through a window or 
by the light of a lamp. 

The refractometer can be used in conjunction with any kind of 


heating appliance which affords a current of water of constant tem- 
perature and uniform speed. Connection with the refractometer 
should always be established so that the water enters at D and flows 
off at E. 

A pplication of the Sample of Butter to the Prisms.—The prism casing is 
opened out by revolving the screw-head, F, clockwise, giving it a half- 
turn until checked, when one half (B) of the prism casing can simply be 
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hinged down. The post H keeps B in the position shown in the 
figure. ‘The surfaces of the prisms and of the metal parts must now be 
cleaned with scrupulous care, soft clean linen and a little alcohol or 
ether being best for the purpose. 

A small quantity of the sample of butter to be tested is then melted 
down in a little spoon and poured upon a small filter of blotting-paper, 
held in one hand. The first two or three drops of clear butter fat per- 
colating the filter are applied to the surface of the folding prism, in 
doing which it is expedient to tilt up the apparatus with the left hand, 
so as to bring the surface in question to an approximately horizontal 
position. The filtering of the sample of butter is not absolutely neces- 
sary. The quantity required for the test may be taken up by means of 
a glass rod, but the precaution of carefully rounding the ends of the rod 
and of avoiding impurities floating on the surface of the melted butter 
should not be disregarded. 

The observer now presses the component B against A and turns the 
screw-head, F, in the reverse direction to contact with another stop, 
whereby B is secured against dropping back and close adhesion of the 
two prism surfaces is effected as well. The apparatus is at the same 
time replaced on its base plate. 

The mirror, J, should be arranged in such a position that the border 
line appears distinctly, which may necessitate slight shifting or turning 
of the entire apparatus. The draw at the ocular should also be ad- 
justed so that the scale can be seen distinctly. 

The first thing necessary is to ascertain that the entire space between 
the prism surfaces is uniformly packed with butter fat. For that pur- 
pose the small image of the prism surface, situated about 1 cm. in 
front of the ocular, is scanned with a magnifier (or with the naked eye), 
held at the requisite distance from the ocular. In this way minute air 
bubbles within the stratum of fat, which would prejudice the sharpness 
of the border-line, will be readily detected. 

If a current of water of constant temperature has previously circu- 
lated for a time through the prism body, the border-line will quickly, 
generally in about a minute, assume a fixed position and attain the 
maximum of sharpness. Both being obtained, the appearance of the 
border-line (whether colourless or, if coloured, the tint) also the position 
of the border-line relatively to the scale are noted, and at the same time 
the temperature registered by the thermometer read off. 

Integral divisions of the scale are read off immediately in the field 
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of view, tenths of a division being determined by the aid of the micronr 
eter screw (G in Fig. g) in the following manner. .The border-line is 
adjusted by means of the screw upon a division of the scale, when the 
micrometer drum will indicate the number of tenths to be added to the 
number of integral parts cf the scale appertaining to the particular 
division. If a number of tests are being made in immediate succes- 
sion, a little practice, with the help of an assistant to attend to the 
melting and hand the small samples of butter, will make it easy to 
carry out the refractometrical test of from 25 to 30 samples of butter 
in the space of 1 hour. 

Wollny has devised a special thermometer which indicates the 
highest admissible values for genuine butters at temperatures varying 
from 30° to 40°. A standard fluid is provided for the purpose of testing 
the adjustment of the ocular scale and directions are given for resetting 
the scale when necessary. 

The use of sodium-light illumination greatly sharpens the 
border-line. 

2. The Reichert-Meissl-Polenske Method.—In this process the sa- 
ponification is conducted according to the method devised by Leffmann 
and Beam. 5 grm. of the fat and 20 grm. of glycerol are weighed 
into a 300 c.c. flask and 2 c.c. of 50% sodium hydroxide solution 
added (made by dissolving good sodium hydroxide in an equal 
weight of water and allowing to stand till clear). The flask is heated 
over a flame with constant shaking, till it clears suddenly. Cool 
the soap and add 100 c.c. of recently well-boiled distilled water, till 
solution of the soap is effected. 0.1 grm. of powdered pumice sifted 
through muslin (the grade and quantity are important) is added and 
then 40 c.c. of sulphuric acid solution. (20 c.c. of sulphuric acid di- 
luted to 1,000 c.c., and the solution adjusted so that 35 c.c. neutralise 
2 c.c. of the sodium hydroxide solution.) The flask is at once con- 
nected to the condenser, and heated with a small flame till the insoluble 
acids are completely melted; the flame is then increased and 110 c.c. 
distilled in rg to 21 minutes. Condenser water should be from 18° to 
20°, and dimensions of apparatus exactly as shown in Fig. ro. When 
t10 c.c. have distilled, the flame is removed and a 25 c.c. cylinder 
placed under the condenser to catch any drops. After mixing the con- 
tents of the rro c.c. flask, they are filtered and roo c.c. titrated with 
N/1o alkali, using 0.5 c.c. of a 1% alcoholic solution of phenolphthalein 
as indicator. This number of c.c. increased by 1/10, after subtrac- 
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tion of the blank (which must be determined in an exactly similar way 
by using all the reagents except the fat) is the Reichert-Meissl value. 
The condenser, cylinder, and r1o c.c. receiver are washed with 18 c.c. 
of cold water, which are then poured over the filter used to filter the 
distillate. The condenser is washed out with four successive portions 
of ro c.c. of neutral alcohol, which are received in the cylinder and 
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poured successively into the r1o c.c. flask and over the filter, the mixed 
alcohol solutions being then titrated with N/1o barium hydroxide, 
using phenolphthalein as indicator. A blank value is obtained in a 
similar way. The number of c.c. of N/1o barium hydroxide used less 
the number used for the blank is the Polenske figure or New Butter 


Value. 
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Rather varying results have been obtained by various observers, but 
the following table will be found a very fair guide: 


Reichert-Meissl New Butter 
values values 


bo 
Ke) 
HHHDYHN NH NWWW 
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A “New Butter Value” exceeding by 0.5 c.c. the figure correspond- 
ing with the Reichert-Meissl value found, indicates the presence of 
coconut or palm-kernel oil or coconut “ stearine.”’ 

If an approximate idea of the amount of coconut oil present is 
desired, Polenske’s original table (Arbeit aus dem Kaiserl. Gesund., 
1904, 20, 543) should be consulted (reproduced in Lewkowitsch: Oils, 
Fats and Waxes, Vol. ii, p. 702, 4th Ed.). 

It has been stated that the presence of oily drops in the first distillate 
(after cooling at 10°) is distinctive of coconut oil, but this is undoubtedly 
fallacious. Many chemists also employ only go c.c. of water for solu- 
tion of the soaps and 50 c.c. of sulphuric acid solution (25 c.c. sulphuric 
acid to 1,000 c.c. with water). 

For the Reichert-Wollny method see Margarine. 

3. Specific Gravity of the Fat.—This is best determined in a 25- 
grm. bottle. The dry melted fat is run into the bottle a few degrees 
below the temperature at which the gravity is to be observed, great care 
being taken that no air bubbles are introduced at the same time. The 
stopper is screwed gently home and the bottle immediately immersed 
in water of the desired temperature for 45 minutes. The test is then 
finished in the usual manner. For convenience, especially if many 
determinations are made, a bath regulated to the temperature by means 
of a thermostat may be used. 

4. Saponification Value (Kéttstorfer Value).—The saponification 
value is defined as ‘‘the number of mg. of potassium hydroxide, which 
is necessary to completely saponify 1 grm. of fat.” 

(Saponification equivalent is the number of grm. of butter fat saponi- 
fied by 56.1 (7. e., one equivalent) of potassium hydroxide. Itis obvious 
that this is merely another mode of expressing the same result, and 
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the one figure can easily be calculated from the other. Kdttstorfer’s 
original mode of expression is now more generally used.) 

Solutions required: 1. N/2 hydrochloric acid accurately prepared. 
2. Alcoholic potassium hydroxide approximately N/2 strength. 3. 
1% alcoholic solution of phenolphthalein. 

The potassium hydroxide solution is prepared by dissolving 17 to 20 
grm. of stick potassium hydroxide (purified by alcohol) in the smallest 
possible quantity of water, and then making up to 500 c.c. with alcohol 
of not less than 94% (by weight). The solution is allowed to stand 
over-night, and the clear liquid syphoned off for use. If the alcohol is 
pure, the solution will be colourless, or nearly so (it is advisable 
to test the alcohol before making up the solution and rejecting any 
which gives more than a very pale colour when boiled with a strong 
solution of sodium hydroxide). 

The test is carried out as follows: 

About 2 grm. of the clear melted and filtered fat are weighed into a 
200 c.c. Jena flask, and an accurately measured quantity of the alco- 
holic potassium hydroxide solution run in from a 25 c.c. pipette. A 
like quantity of the same solution is run from the same pipette in 
exactly the same way into a clean 200 c.c. flask. The flasks are 
connected to reflux condensers and heated in a water-bath so that the 
alcohol gently boils; this is continued for 30 minutes. The flask con- 
taining the butter fat should be shaken occasionally, particularly at 
the commencement. The flasks are removed from the bath, 20 drops 
of phenolphthalein solution added to each, and the contents titrated 
while hot with the N/2 acid. 

If F=grm. of fat taken. 
X-=c.c. of acid required in the control experiment. 


Y=c.c. of acid required to neutralise the excess of alkali in the test. 


Then sap. value (S) = Cet es 202805 5 saad 


‘56100 


and saponification equivalent = S 


5. The Barium Method of Avé-Lallemant.—1.9 to 2.0 grm. of the 
filtered butter fat are saponified with 25 c.c. of approx. N/2 alcoholic 
sodium hydroxide (carefully standardised), boiling for 30 minutes; 
while still warm, titrate with N/2 hydrochloric acid to phenolphthalein. 
The alcohol is removed as completely as possible by boiling and blow- 
ing air into the flask. The soap is dissolved in 150 to 180 c.c. of hot 
recently boiled distilled water, in a 250 c.c. flask. Stand on the water- 
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bath 5 minutes, and add 50 c.c. of approximately N/5 barium chloride 
solution (25 grm. crystallised barium chloride in 1,000 c.c.). Allow 
to remain 15 minutes on the water-bath to cause the insoluble barium 
salts to coalesce. Cool, fill to the mark with water and filter off 200 
c.c. into a beaker, heat this to nearly boiling on a sand-bath, add 1 c.c. 
hydrochloric acid and ro c.c. of approx. N/r sulphuric acid. Filter 
the barium sulphate on a gooch crucible, wash till free from chlorides, 
and finally with two quantities of 10 c.c. of warm alcohol. Dry to 
constant weight. Increase the weight of barium sulphate found by 
25%, and calculate to BaO (BaSO,X0.6571 =barium oxide). Sub- 
tract this last from the barium oxide value of the barium chloride 
solution (which must be standardised in an exactly similar way). 
This gives the barium oxide value of the acids forming insoluble barium 
salts. Calculate this to 1 grm. of fat=insol. barium oxide value (b). 
The saponification value is also calculated as barium oxide (KHOX 
1.367 =barium oxide) for 1 grm. of fat =total barium oxide value (a), 
then a—b =sol. barium oxide value (C), and so find b—(200+C). 

After much experience with this method, the writers advise the use of 
5 grm. of fat for the test. After saponification and removal of the 
alcohol, the soaps are made up to 250 c.c. with water at 38°, and 100 
c.c. pipetted off at that temperature for the estimation of the barium 
oxide, the test being finished as above. By this means a more ac- 
curate figure is obtained for “a.” 


Qualitative Tests. 


The above quantitative examinations may be supplemented when 
desirable by one or more qualitative tests. These are useful more 
especially as confirmation of the presence or nature of some adulterant 
indicated by the quantitative figures. Some of them are sometimes — 
used as ‘‘sorting’’ tests. 

1. Microscopical Appearance.—When genuine butter is examined in 
a thin film, under a low power (X25 to 50 diam.) between crossed 
nicols, it appears as a homogeneous mass, but if it has been melted, 
bright specks or patches, or sometimes even crystals, giving a play of 
colours with a selenite plate, may be noticed. Margarine (oleo- 
margarine) has a similar appearance to butter which has been melted 
and reset. 

This test may be used for rough sorting out purposes, setting aside 
for further examination all samples showing crystalline structure. It 
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is advisable to place a cardboard tube around the objective and enclos- 
ing the preparation, so as to exclude adventitious rays. 

2. The Foam Test.—(Farmers’ Bulletin, U.S. Dept. A gric., No. 131.): 
This is a rough and ready method of distinguishing butter substitutes 
and renovated butter from genuine butter. In fact, it is especially 
valuable in the case of renovated butter, the chemical composition of 
which is the same as true butter. 

A lump of about 5 grm. of butter is melted in a spoon over a very 
small bunsen flame; genuine butter boils quietly, producing consider- 
able foam, while butter substitute and renovated butter crackle loudly 
and splutter, but do not produce any appreciable quantity of foam. 

It will further be noticed that on melting genuine butter, the curd 
separates in a very finely divided state, while in the case of margarine 
and renovated butter the curd is lumpy. 

A few trials of this test will enable the operator to see differences 
which are difficult to describe in words. 

Wanklyn’s Test—The production of ethyl butyrate, when butter 
fat is heated with alcoholic solution of alkali, may be used as a sorting 
test for distinguishing ‘“‘straight”? oleos (that is butter-substi- 
tutes containing no appreciable amount of butter fat). The test is 
most satisfactorily applied by the method described in Leffmann and 
Beam’s “‘ Select Method of Food Analysis,’ 2d Ed., 236. A few grm. 
of the sample (which need not be filtered) is placed in a test-tube, 
about ro c.c. of strong solution of sodium hydroxide in alcohol added, 
the mixture heated until it foams actively, and then promptly poured 
into about 100 c.c. of cold water. The pineapple odour of ethyl 
butyrate is at once noticeable if appreciable amounts of butter are 
present. Care must be taken not to mistake the somewhat aromatic 
odour of the alcoholic solution for that of true ester. The nature of 
the reaction is not known. 

3. The Valenta Test.—The glycerides of the saturated fatty acids 
present in butter have varying solubility in pure acetic acid. The 
temperature at which a solution of the fat in acetic acid begin to deposit 
solid glycerides varies with the constitution of the mixture. Butter 
itself shows a turbidity within reasonably close limits under strict con- 
ditions of experiment. The addition of the glycerides of the higher fatty 
acids, as by the use of lard and similar products, causes the turbidity 
temperature to rise, while the addition of the glycerides of the lower 
members of the series, such as is brought about by the use of coconut 
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and palm-kernel oils, will lower the temperature. The test, therefore, 
if carefully performed, is of real value, especially as confirmatory or 
diagnostic of adulteration by lard products. 

Many methods of carrying out the test have been proposed, but the 
following is simple and easy and quite sufficient. A long thin test- 
tube, preferably of Jena glass, about o.5 in. in diameter, and suffi- 
ciently long to take in the scale of a thermometer up to 60°, is marked 
accurately at 3 and 6 c.c. with lines all round the tube. A thermometer 
with very small bulb is fixed in the tube by means of a cork, so that the 
bulb is opposite the 3 c.c. line. The carefully dried butter fat (filter- 
paper pellets should be shaken up with it beforehand) is measured in 
at 27 to 20° till the bottom of the meniscus coincides with the 3 c.c. 
line. Absolute acetic acid (Kahlbaum’s is to be preferred) is then 
run in until the 6 c.c. line is reached (the acid should be measured at a 
definite temperature, say 15 to 16°). The thermometer is inserted 
and the fat dissolved by shaking in water at about 50°. The tube is 
then withdrawn, and the contents allowed to cool in the air, shaking 
gently, and holding the tube in a good light. Immediately the faintest 
turbidity is noticed the temperature is read. The tube is then slightly 
warmed and a fresh reading obtained. The end point is quite sharp, 
and consecutive readings should scarcely differ. 

It must be carefully borne in mind that every operator should obtain 
figures for himself for pure butters, as the least change, especially in 
the acid, produces a change in the results. Operating in the above 
manner, the writers have found butter to vary between 25° and 44.4°, 
mostly between 37° and 42°. The greatest variations were found 
in Danish State Control butters. 10% of lard produces a rise of 
about 7°. 

4. Halphen’s test for cottonseed oil and cottonseed “‘ stearine” may be 
carried out as follows: 2 to 3 c.c. of the melted fat are dissolved in an 
equal volume of amyl alcohol in a test-tube, 2 to 3 c.c. of a 1% solu- 
tion of sulphur in carbon disulphide added, and the tube is placed 
in a boiling water-bath for 20 minutes. In the presence of cottonseed 
oil, or cottonseed “stearine” a characteristic crimson colour is pro- 
duced. This test is capable of detecting less than 5%. It is possible 
to treat cottonseed oil so as to evade this test, but this is not usually 
done. ‘The test is applicable to the acids from cottonseed oil. 


The test will detect 1% of cotton seed oil if the heating be done in 
closed test-tubes. 
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5. Baudouin’s Test for Sesame Oil.—Take 10 c.c. of the melted 
fat in a test-tube, add 2 drops of a 2% alcoholic solution of furfural, 
and to c.c. of concentrated hydrochloric acid. Shake for a minute. 
In the presence of sesame oil the aqueous layer will be a crimson colour. 
The test is sensitive to 1%, but certain azo dyes interfere with the 
delicacy. 

Sprinkmeyer (Zeit. Unters. Nahr. u. Genussm., 1908, 15, 20-21) 
states that rancid cottonseed oil prevents the red colouration unless 
17% of sesame oil is present. 

6. Phytosterol and Phytosteryl Acetate Test for Vegetable Fats and 
Oils, Including Coconut Oil.—Boil 50 grm. of the clear fat with 
75 c.c. of 95% alcohol. Cool and pour off the alcohol and repeat the 
extraction with a further 75 c.c. ‘The combined extracts, which will 
contain the bulk of the cholesterol and phytosterol, and some fat are 
transferred to a porcelain basin, and an excess of solid sodium hydroxide 
having been added, evaporated, stirring occasionally. After the 
bulk of the alcohol has gone, add more than sufficient sodium 
hydrogen carbonate to convert the sodium hydroxide to carbonate, 
then sand and carry to dryness. Grind up the dry residue in the dish 
and extract with light petroleum. The residue from the ether is 
treated with 5 c.c. of approx. N/2 alcoholic sodium hydroxide and 
again evaporated to dryness with sand. Re-extract with petroleum 
ether, evaporate, and take up with the smallest possible quantity of 
absolute alcohol. (If much coloured, boil first with a small quantity 
of 95% alcohol and a little finely divided animal charcoal, filter, and 
evaporate to dryness). Allow to crystallise and examine microscopic- 
ally. The residue is converted into acetate and recrystallised in the 
usual manner. 

Juckenack and Pasternack (Zeit. Unters. Nahr. u. Genussm., 1904, 
7, 193-214) give from 113.2° to 114.6° (corr.) as the m. p. of the 
cholesteryl acetate of pure butter (after 5 crystallisations), and from 
117.2° to 122.6° (corr.) for that obtained from butters adulterated with 
varying quantities of coconut oil. 

It has been proved that animals fed on oil cakes sometimes produce 
a butter fat giving indications of the oil present in the cakes, notably 
by Halphen’s test, but phytosterol has not been found in butter fat 
from animals so fed. 

7. Hinks’ Test (Analyst, 1907, 32, 160).—This is a valuable qualita- 
tive test for coconut and palm-kernel oils. It is based on the fact that 
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the latter contain a fat which crystallises frem alcohol in a character- 
istic form. To one who has once become familiar with the shape of 
the crystals, the test is valuable and reliable, but without this experi- 
ence, and if not carried out exactly as recommended it may prove mis- 
leading. The writers have been able to detect 2.5% of coconut oil in 
this way. , 

The test is carried out as follows: 

5 c.c. of the clear fat are dissolved in twice their volume of ether, in 
a wide test-tube, and packed inice. After 30 minutes (much solid fat 
will have separated) the whole mass is thrown on a plaited filter. The 
filtrate is evaporated in a basin and heated on a boiling water-bath. 
The residual fat is poured into a test-tube, and 3 to 4 times its volume 
of alcohol (96 to 97% by volume) added. Boil, when solution will be 
effected. The tube is then kept in water at 5° for 15 minutes, and the 
alcoholic layer is then rapidly filtered into another tube, which is then 
kept at o° for 2 or 3 hours. 

After this time a portion is withdrawn by a glass tube, dropped on a 
slide, covered without pressure, and immediately examined at a magni- 
fication of 200 to 300 diameters. (The examination must be quickly 
carried out, as the crystals are soon redissolved as the liquid warms. 
In hot weather a cooled stage is necessary, conveniently made by plac- 
ing a flat piece of ice contained in a petri dish under the slip.) 

Butter crystallises in round granular masses, but if coconut or palm- 
kernel oil is present, numerous fine feathery crystals will be seen as 
well. Lard, however, produces crystals which are not unlike those 
from coconut and palm-kernel oils. 


Butter. 


The examination of butter itself, apart from the special examination 
of the butter fat, consists usually of the estimation of water, fat, 
curd, and salt. By ‘“‘curd”’ is usually meant the solids-not-fat, without 
the mineral constituents, which are usually included under the general 
term “‘salt.”” For special purposes, the actual percentage of proteins is 
estimated and also the actual percentage of salt as sodium chloride. 
Besides these, an investigation into the nature of the colouring matter 
and preservative (if any) present, is often necessary. 

Such an examination is of value for the purpose of ascertaining 
whether a butter is properly made, whether it has been properly worked 
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so as not to include an excess of moisture, and also whether any addi- 
tion of milk (whole or condensed), casein, dried milk, or of other 
similar substances has been made, such additions having been rather 
frequently made of late years. For an excellent paper on the 
“Physical Constitution of Butter” see Bean (Rev. Gén. de Lait., 1904; 
10, 224). 

Before passing to consider the various constituents, it may be well to 
briefly quote the regulations enforced in various countries (1906). 

Canada.—Maximum limit for water 16%. No renovated or process 
butter to be made or imported. 

New Zealand.—Butter to be made only from milk or cream and to 
contain only salt, and certain preservatives and colouring matters. 
Grading is by government officials and butter is officially marked. 

Queensland.—Maximum limit for water 16%. Minimum limit for 
fat 80%. 

No extraneous ingredients, except harmless colours or preservatives, 
such as boric acid and borax (not more than 0.5% as boric acid). 
Butter is officially marked. 

Victoria.—Maximum limit for water 15%. Minimum limit for 
fat 80%. 

Denmark.—Butter control official since May, 1904. The creameries 
form associations and must not be connected, directly or indirectly, 
with the manufacture of margarine or edible oils. ‘The chemical analy- 
ses of every creamery are known and recorded. 

Belgium.—Maximum limit for water 18%, unless declared. Butter 
is regarded as abnormal and prohibited for sale if, (1) The Reichert- 
Meissl figure is below 28, and if (2) in addition, the fat gives one of 
the following values: 

(a) Refraction (Abbé-Zeiss) above 44 at 40°. 

(b) Sp. gr. below 0.865 at 100°. 

(c) Saponification value below 222. 

(d) Hehner value above 88.5. 

Germany.—(1902) Minimum limit for fat 80%. Maximum limit 
for water 18% (unsalted butter). Maximum limit for water 16% 
(salted butter). 

Italy.—Minimum limit for fat 82%. 

Butters with R.-M. value 26 or above are pure. 

Butters with R.-M. value 20 to 26 are suspicious. 

Butters with R.-M. value below 20 are adulterated. 
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Refraction (Zeiss) not to be above 48 at 35°. 


° 


100 
Sp. gr. not to be below 0.865 at ee 


No preservatives, except common salt and boron mixtures, which 
shall not be present in greater quantity than 0.3% reckoned as boric 
acid. 

United States of America.—Minimum limit for fat 82.5%, and in 
renovated and process butter, not more than 16% of water. 

Reichert-Meissl value not less than 24. 

Sp. gr. at 40°/40° not less than 0.905, but there are different 
regulations in different States. 

England.—Maximum limit for water 16% and in milk-blended 
butters 24%. 

1. Water.—Apart from the examination of the fat, this estimation 
is the most important. The percentage of water in butter varies 
naturally for many reasons. The method of churning, and especially 
the temperature of churning, is a most important factor in determining 
the quantity of water left in the worked butter. Taking 60° F. as 
roughly the correct churning temperature, then temperatures decidedly 
above, or decidedly below this, will result in the inclusion of too much 
water. At elevated temperatures a very large quantity of water can be 
worked into and retained by the butter, as is found in the case of Irish 
“pickled”’ butters, and butters so made are often quite firm, and do not 
even appear moist. The addition of salt tends to produce a drier 
butter, though the appearance of a salt butter would lead to an op- 
posite conclusion, seeing that moisture exudes from “‘salt butters” in 
small drops when cut. There is no difficulty, in properly managed 
churning operations, in keeping to a fairly constant water content, and 
for this reason, in most countries a maximum percentage for water is 
either legally or tacitly enforced. 

It seems to be generally agreed that butters containing 13 to 14% of 
water have the best flavour. 

Canadian Butters—The Dept. of Agriculture gives 12.3% as the 
average of a large number.. Theodor, in 1903-04, gives 9.2 to 15.5%. 

New Zealand.—(1905) Average 10.59. Theodor gives 9.9 to 11.7 
(1903-04). 

Australian.—10.0 to 13.6% (Theodor). 

Danish.—From 1897 to 1900, 95.2% of butter contained between 
12.0 and 16.0% of water. 
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From 1897 to 1904, in butters supplied to Canada by Denmark, a 
steady increase from 13.79 to 14.25 was found by the Dept. of Agricul- 
ture, Ottawa. 

Trish Firkin Butter —Twooney (Report of Dept. Committee, 1906, 
England) gives the following percentages of butters containing more 
than 16% of water. 


Season 1902-3 (53,166samples) 7.49%. 
Season 1903-4 (49,197 samples) 5.06%. 
Season 1904-5 (40,464 samples) 7. 7%. 
Season 1905-6 (35,859 samples) 3.87%. 


2. Curd.—Under this term is usually included the total solids-not- 
fat, less the ash. It is rather a variable figure, and depends very much 
on the method of and care in making. The curd is likely to be much 
higher in the case of butters made from whole milk than from cream, 
but as the former is scarcely made to-day, certainly not for the market, 
it does not much concern the analyst. In properly made butters the 
curd varies. from very small amounts to 2.5%. The higher limit is 
rare and probably 1.0 to 1.5% is most usual. As this estimation is 
chiefly of value for the detection of the addition of condensed milk, 
casein, etc., it is far preferable to actually determine the protein. When 
this estimation gives more than 1.0% of casein, it may be taken as 
almost certain that addition of milk products has been made. In such 
cases there is usually an excess of water, and if whole or dried milk 
has been worked in, an estimable amount of lactose will probably be 
found. 

3. Ash.—This term usually includes salt and preservative, as well as 
mineral constituents of the original cream. It is sometimes necessary 
to actually estimate the sodium chloride present. In fresh butters 
only a trace of chlorides will be found, while in salt butters even 12% 
may occur, the quantity of salt present being almost entirely con- 
trolled by the taste of the consumer. 

The careful estimation of the various constituents of curd and ash 
is only necessary when forms of adulteration are suspected which 
are not easily apparent. The question of preservatives and colouring 
matters is now practically determined by the law of the country 
concerned. 

The following table gives a number of values for water, curd, salt, 
etc., for various butters: 

Vol. II.—2o0 
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Casein mean 
Butter Water N,X6.39 Sugar} Salt S 
German, Summer max. 12.80....... 0.60 On ailel 232 he 0, c8 
364 samples Summer mit ay ee O07 ere 0.51 O-45) 1021) (0220 
(Hesse) Summer mean i2ne ie. - OnS7 O15 Ou] 27 Owere 
Winter acannon Oe 0.74 0.64) |r 62) 0, 52 
Winter = maine oe20 ere 0.66 O55) Des WeOCO 
Winters mean at2- 50. ce. 0.68 0.59 | 1.40 | 0.11 
Vieth gives the following analyses: 
Butter Fat Curd Salt Water 
MG LISIS Fete aiccottse ere eye casts Meche oclerontses 86.85 0.59 I.02 rrose 
lPigsrilel ihre Seon > ae. E eG Oe Bare One ea 84.77 1.38 0.09 T7276 
Mrench (Salted i eee erer ty sre. teare keer valereys 84.34 1.60 2.00 12.05 
ESTE IRO erate ct hee steticcee Soh eaihe Bicrclate ail 85.24 bees ty I.35 12.24 
ID ATI SIs tcharar VPACEe eT ot recom cia auc eh eke 83.41 I.30 1.87 13.42 
Swedish tae. nee viet esate ates ee eeotale 83 .89 1333 2.03 Tea75 


Estimations.—For exact analysis, care must be taken to get a repre- 
sentative sample. From a small sample a piece may be cut from oppo- 
site corners and from the middle. From a large bulk, a suitable piece 
is cut from within the bulk by means of a fine wire. In either case, 
the sample is then placed in a 4-ounce stoppered bottle, the fat melted 
by standing in water at about 50°, shaken to the coasistency of cream, 
and weighed out while in this state. 

1. Water.—2-3 grm. of the sample are weighed out into a large 
weighing bottle, 2 inches deep and 1.5 inches wide, and having 
parallel sides and dried in the water-bath at 100° (shaking every 10 
minutes), to constant weight (2 to 3 hours). As soon as the curd has 
stuck to the bottom, the bottle should be tilted on its side, drying being 
much facilitated. 

The following method, due to Patrick (Jour. Amer. Chem. Soc., 1906, 
27, 1613) is exceedingly useful for control purposes or for sorting sam- 
ples. About ro grm. of butter are weighed into an aluminium beaker 
(a wide glass test-tube may be used), and the water gently boiled off 
over a naked flame, until the hissing sound which accompanies the 
evaporation of the water ceases. Care must be taken to avoid over- 
heating and consequent discolouration of the butter. Foaming 
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may be reduced by heating the upper part of the beaker or tube. 
Patrick gives —o.10 to +0.17 as the limits of deviation from results 
obtained by the official A. O. A. C. method. 

2. Fat.—This is usually estimated by extracting the dried residue 
from the water determination with five successive quantities of ether, 
allowing as long as possible for the ether to act at the fourth extraction. 
The ether is poured off carefully each time, and no loss need occur. 
The residue is dried and weighed, the difference between the weights 
before and after extraction giving the fat. 

For accurate estimations of the fat, the Gottlieb method is to be 
preferred. The method as given by Hesse (Zeit. Unters. Nahr. u. 
Genussm., 1904, 8, 673) is as follows: 1.5 to 2 grm. of the sample are 
weighed into a long graduated tube with 8 c.c. of warm water and the 
fat completely melted by placing the tube in hot water. Add 1 c.c. 
of 10% ammonia and 10 c.c. of strong alcohol, mixing well between 
and after each addition, and the mixture well cooled. 25 c.c. methyl- 
ated ether are added; the liquids mixed by inversion; 25 c.c. petroleum 
ether (distilled below 60°) added, and again mixed three times by 
inversion. The mixture is allowed to separate; the ethers pipetted off; 
50 c.c. of ether again added and pipetted off without shaking; then 
the mass is shaken out finally with 25 c.c. ether and 25 c.c. petroleum 
ether and pipetted off as before. The mixed ethereal solutions are 
evaporated and the fat weighed. The last addition of ethers may be 
omitted without serious error. 

3. Curd.—This may be estimated in the residue from the fat esti- 
mation by breaking up carefully and extracting with water, the 
insoluble residue being finally washed on to a tared filter, which is then 
dried at 100° and weighed. The filter should then be incinerated and 
the ash deducted from the weight of curd. While this method is 
useful, when only an approximate idea of the curd be required, if a 
proper estimation of the protein is desired, especially when the milk- 
sugar is to be ascertained by difference, the nitrogen should be esti- 
mated by the Kjeldahl process (g. v.) using 6.38 as the factor. 

In this estimation about 12 grm. of butter are weighed into the 
digestion flask, and rapidly dried by placing the flask in boiling water 
and exhausting the interior. About 20 c.c. of ether are added and the 
curd allowed to settle. The ether is poured off (if turbid, through a 
small filter), the curd washed once again with a little ether, and after 
evaporating all traces of ether from the flask, the sulphuric acid digestion 
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proceeded with. If'a filter has been used, this is dropped in before 
digestion. If the fat is not thus removed, serious charring will take 
place. 

4. Lactose.—This is never estimated directly, but always by 
difference, unless adulteration with sugar is suspected, when the water- 
extract of the curd may be examined polarimetrically or with Fehling’s 
solution to confirm the result by difference. 

5. Total Ash.—Gently ignite the solid-not-fat in a crucible at as 
lowa temperature as possible or chlorides will be appreciably volatilised. 

6. Salt.—This is best estimated in another sample of butter. 10 
grm. of the butter are weighed into a cylinder, 5 c.c. of chloroform 
added and sufficient water to make with the water in the butter 50 c.c. 
Mixed well, without vigorous shaking, and allowed to settle, or, better, 
separated by rotation. 1oc.c. of the aqueous layer (=2 grm. of butter) 
are placed in a white porcelain dish, 20 c.c. of water added, the whole 
roughly neutralised to neutral litmus-paper, and titrated with N/1o 
silver nitrate, using a potassium chromate indicator. The exact 
strength of the silver solution should be ascertained against a known 
weight of sodium chloride. 

If the solution is carefully neutralised before titration, the following 
preservatives, up to the strengths given, do not interfere: 

Boric acid, 0.5%}; sodium fluoride, 0.5%; salicylic acid, and f- 
naphthol, sufficient to saturate the aqueous layer. 

Colouring Matters.—For the simple distinction between annatto 
and coal-tar colours, Doolittle’s method is recommended (U.S. Dept. 
Agric. Bur. of Chem. Bul. 65, 152). About 2 c.c. of the melted and 
filtered fat are dissolved in a little ether, in each of 2 test-tubes. Into 
one is poured an equai volume of dilute (1 : 3) hydrochloric acid, and 
into the other an equal volume of dilute (1 : 10) potassium hydroxide. 
The mixtures are shaken well and allowed to stand. 

A yellow aqueous layer in alkali tube indicates annatto. 

A reddish aqueous layer in acid tube indicates azo-dyes. 

For the systematic examination for colouring matters, the following 
method of Leeds (Analyst, 1887, 22, 150) should be used: 

100 grm. of butter are dissolved in 300 c.c. petroleum ether (0.638 
sp. gr.) in a separating funnel, the curd and water drawn off, and the 
ether washed several times with water. The ethereal solution is kept 
at o° over-night; it is then poured off from separated glycerides and 
shaken with 50.c.c. N/10 alkali. The aqueous layer is separated and 


titrated with hydrochloric acid till just acid to litmus. 


BUTTER FAT. 


3°79 


The precipitate 


is filtered, dried, and weighed. If only the identification of the colour 


be required, less quantities than the above may be taken. 


To identify 


the colour, dissolve the precipitate in a few drops of alcohol and test 
by allowing x drop to fall into watch-glasses containing the concen- 


trated acids. 


: . ees f Nitric and sul- Hydrochloric 
Colour Sulphuric acid Nitric acid phuric acids Ae 
Arma ttom. scissors Indigo blue to| Blue becoming | Same | No change or 
violet colourless brownish, 
MarMeric (cys es Pure violet Violet Violet Violet to orig- 
inal colour on 
evaporation. 
Saffrong nuk aie Violet to cobalt | Light blue to | Same Yellow to dirty 
blue changing} light red-brown | yellow. 
to red-brown 
Carrots... cccsivas Amber-brown Decolourised Same with NO2| No change. 
fumes and| 
odour of burnt 
sugar 
Marigold” ...... Dark olive-green | Blue, changing | Green Green to yellow- 
at once to dirty ish-green. 
yellow-green 
Safflower ...... Light brown Partly decol- | Decolourised No change. 
ourised | 
Aniline yellow ..| Yellow Yellow Yellow Yellow 
Martius yellow .| Pale yellow Yellow, reddish | Yellow Yellow ppt. 
ppt. Magenta treated with 
at margin NHs3 and ignit- 
ed deflagrates. 
Victoria yellow. .| Partly decolour- | Same Same Same. Colour 
ised returns on neu- 
peapeerion with 
3. 


IMethyl orange . 


Pink to brick- 
red, yellow at 
edges 


Pink and de- 
colourised 


Pink rapidly 
decolourised 


with NOs, 
fumes finally 
yellow 


Pink, the well- 
known colour 
with acids. 


As slight differences of opinion as to the colours may occur, it is 
advisable where possible to check them with the actual dye. 
A mixture of two dyes is not differentiated, the predominating dye 


alone giving results as a rule. 


Geissler’s method (A.O.A.C.) for azo colours: Spread a few drops 
of the clarified fat upon a porcelain surface and add a pinch of fuller’s 


earth. 


1 Added by writers. 


In the presence of various azo-dyes, a pink to red colouration 
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will be produced in a few minutes. Some samples of fuller’s earth 
act more readily than others. 

Special oil-soluble, azo-colours (Sudans) are now much used. See 
A.O.A.C. methods, 1908, p. 195. 

Palm Oil.—Recent legislation, especially in the United States, 
against the sale of butter substitutes containing special colouring 
matter, has led to the use of highly coloured oils, such as palm oil and 
fixed oil of mustard. The detection of palm oil has been specially 
studied by Crampton and Simons (J. Amer. Chem. Soc., 1905, 27, 
270), who have found that tests used for detection of rosin oil are ap- 
plicable. The following descriptions are from Leffmann and Beam’s 
Select Methods in Food Analysis, 2d Ed., 238. 

Success in the application of the tests depends on several points: 
The samples must be kept in a cool dark place until used, filtered at 
a temperature not above 70°, the heating must be as brief as possible, 
the testing made promptly thereafter, and the reagents must be pure 
and colourless. 

Halphen’s Method.—1oo c.c. of the filtered fat are dissolved in 
300 c.c. of petroleum spirit and shaken out with 50 c.c. of potassium 
hydroxide solution (0.5%). The water is drawn off, made distinctly 
acid with hydrochloric acid, and shaken out with 10 c.c. carbon 
tetrachloride. The latter is drawn off and part of it tested by adding 
2 c.c. of a mixture of 1 part of crystallised phenol in 2 parts of carbon 
tetrachloride with 5 drops of hydrobromic acid (sp. gr., 1.19). The 
test is best performed in a porcelain basin and the contents mixed by 
gentle agitation. Palm oil gives almost immediately a bluish-green. 

Liebermann-Storch Method.—1o c.c. of the filtered fat are shaken 
with an equal volume of acetic anhydride, 1 drop of sulphuric acid 
(sp. gr., 1.53) is added, and the mixture shaken for a few seconds. If 
palm oil is present the heavier liquid that separates on standing will 
be blue with a tint of green (see p. 316). 

Preservatives.—Butter is examined systematically for preservatives 
in the following way: 

About 50 grm. are placed in a long tube, 25 c.c. of chloroform added 
and mixed with the butter. roo c.c. of 0.1% sodium hydrogen 
carbonate are added and the whole gently mixed. Vigorous shaking 
must be avoided. The tube is stood upright until the aqueous layer 
has separated, or it may be rotated. The aqueous layer is used as 
follows: 


BUTTER FAT. ZIT 


Boron Compounds.—1 c.c. is mixed with 1 drop hydrochloric acid 
and 8 drops of a saturated alcoholic solution of turmeric, and evaporated 
to dryness in a porcelain crucible lid. In the presence of 0.02% of 
boric acid the residue is a purple-red, changed to indigo by a drop of 
strong ammonia (0.880). When boron compounds are not present, the 
residue is a dirty yellow, and changed by ammonia to a salmon colour. 

{-naphthol.—A few c.c. of the aqueous solution are mixed with an 
emulsion of diazotised naphthionic acid. An immediate crimson 
colour indicates $-naphthol, a similar colour being given by abrastol. 

Pure butter gradually develops a rather similar colour. 

The reagent is prepared as follows: About 0.2 grm. of 1-4 naph- 
thylaminesulphonic acid is boiled with 10 c.c. of 50% alcohol, 
cooled (in ice if possible), 1 c.c. of 1 : 3 sulphuric acid added, and then 
gradually about 1 grm. of potassium nitrite dissolved in about ro c.c. 
of water. ‘The suspension gradually becomes yellow. (If the liquid 
is red the nitrite has been added too fast). The mixture is allowed to 
stand for 5 minutes, the precipitate filtered and washed with a few 
c.c. of water. The filter is pierced and the precipitate washed into a 
test-tube with about 5 c.c. of water. The.emulsion so obtained is 
used as above; 0.02% of #-naphthol is easily detected. 

Salicylic Acid.—i1o to 15 c.c. of the aqueous solution are strongly 
acidified in a separating funnel with dilute sulphuric acid, and 20 c.c. 
of ether added and mixed with gentle shaking. The ether is allowed 
to separate, the aqueous layer run off, the ether washed with 1 to 2 c.c. 
of water, and then about 10 c.c. of water added with 1 drop of phenol- 
phthaleinindicator. N/zosodium hydroxide isrun in until, on shaking, 
‘ the lower layer remains permanently pink. The aqueous layer is run 
off, N/1o sulphuric acid added equal to alkali used, and the liquid 
tested with ferric alum solution. A violet colour indicates salicylic 
acid. Minute quantities (1 : 200,000 can be detected). 

Benzoic Acid.—The tube containing the butter-chloroform-water 
mixture is vigorously shaken and again allowed to settle out (this 
may be hastened with a centrifuge). The aqueous layer is separated 
and treated exactly as for salicylic acid, except that neutralisation is 
effected by a saturated solution of barium hydroxide. The pink 
aqueous layer obtained is filtered into a small porcelain dish evaporated 
to 1 to 2 c.c., poured into a test-tube, the colour discharged by a drop 
or two of very dilute acetic acid, and then a drop or two of neutral 
ferric chloride solution added. A flesh-coloured precipitate indicates 
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benzoic acid. 0.1% can be detected in this manner, but owing to the 
solubility of benzoic acid in fat, the following alternative method is 
recommended for detecting smaller quantities: 

About ro grm. of the butter are boiled for 30 minutes with 10 c.c. of 
alcohol, and 1 to 2 drops of dilute sulphuric acid, the mixture well 
cooled, and after pouring off the alcohol into a separator, diluted with 
water and-a few drops of dilute sulphuric acid added, extracted with 
ether, and finished as above. 

Fluorides.—10 c.c. of the aqueous solution are evaporated to dryness 
in a platinum crucible and ignited gently. The ash is moistened 
with a few drops of sulphuric acid, and the crucible closed with a 
watch-glass, coated with paraffin wax, having some scratches made 
through the wax. Cold water or ice is placed in the watch-glass and 
the crucible stood on a hot plate for 2 hours. In the presence of 
fluorides the scratches will be found to be etched on the glass. 

If a systematic investigation is not needed, it may be noted that: 

Boric acid may be detected as described above, using the water 
which separates from the butter on melting. 

Salicylic acid, if present to the extent of o.1% may be detected by 
shaking the melted butter with ferric chloride solution. 

{-naphthol, if present to the extent of 0.1%, may be detected by 
mixing the butter, rendered alkaline by a few drops of sodium car- 
bonate solution, with the diazo-emulsion. 

Boric acid may be estimated in the following way: (Richmond and 
Harrison, Analyst, 1902, 27, 179, and Richmond and Miller, Analyst, 
1907, 32, 144.) 

25 grm. of butter and ro to 15 c.c. of chloroform are placed ina _ 
stoppered cylinder and sufficient water added to make the total quan- 
tity of water present 25 c.c. (the butter as an average may be taken to 
contain 3.5 c.c. of water). The substances are gently mixed and 
allowed to stand until separation occurs, or centrifuged. 20 c.c. of the 
aqueous layer (containing the boric acid of 20 grm. of butter) are pipetted 
into a 300 c.c. flask, ro c.c. of a 0.5% solution of phenolphthalein in 
50% alcohol) added. The mixture is boiled, and titrated while boiling 
with N/ro sulphuric acid until colourless, and then with N/ 10 sodium 
hydroxide until faintly pink. 25 c.c. of glycerol or 2 grm. of mannitol 
are added and the liquid again titrated until pink. Then if « = c.c. of 
alkali used for the final titration and y = c.c. required by the giver 
or mannitol used: 
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(x—¥) X0.0062 X 5 = boric acid in %. The factor 0.0062 is given 
here, but it is advisable to ascertain this against the alkali used. 

For the estimation of salicylic acid, see Revis and Payne (Analyst, 
1907, 32, 286). 


Rancidity. 

The question of rancidity of butter as a whole is the one which 
chiefly concerns the analyst. The causes of this change cannot in the 
present state of our knowledge be set forth in any definite pronounce- 
ment. It has been attributed largely to the growth of micro-organisms 
and moulds, but light and oxygen play a considerable part in the chain 
of factors tending to this end. 

In the case of butter fat, Laxa (Arch. f. Hyg., 1902, 41, 119) has 
certainly shown that species of Oidium, Penicillium, and Mucor, also 
Bacillus fluorescens liquefaciens, effect hydrolysis of the fat, thus 
forming fatty acids. ‘The volatile fatty acids are in their turn further 
attacked. It seems that the method of attack is enzymic in its nature. 

While in certain forms of rancidity free fatty acids make their appear- 
ance and can be estimated in the usual way (page g), it must not be 
supposed that rancidity is correctly measured in all cases by the free 
fatty acidity. 

Solstein (Chem. Rev. Fett. u. Harz. Ind., 1905, 12, 177) has shown 
that the products causing the characteristic effect of rancidity can be 
distilled in a current of steam, and finds that the products from rancid 
lard give strong aldehydic indications, but aldehydes hardly occur in 
the case of rancid butter. For the detection of rancidity he recom- 
mends the application of Welman’s phosphoric reagent to the distillate. 

In conclusion, it may be said that taste and smell are, so far, the best 
indicators of rancidity. 


Oleomargarin. Margarine. 

Substitutes for butter are largely sold under the above names. 
The better varieties contain as their base ‘‘oleo-oil,” a product 
of beef fat. The best portions of the fat are taken from the 
newly-killed animal, chilled quickly, and rendered at a low tempera- 
ture. The product, which is called ‘Premier Jus,” is allowed to set 
slowly to a granular condition, and then, after placing in bags, sub- 
mitted to hydraulic pressure. The soft portion of the oil is expressed, 
producing “‘oleo-oil.”” The m. p. of the ‘oleo-oil” can be adjusted to 
the time of year, by regulating the pressure employed. 
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This “‘oleo-oil” is worked up either by itself or with lard, cottonseed 
oil, coconut, and other oils, according to the grade of margarine de- 
sired. The fat is then churned with milk, which has been “‘soured,” 
after pasteurisation, with a proper butter ‘‘starter,” a butter colour 
(annatto in cottonseed oil, or a mixture of annatto and azo-dye) being 
added to the charge in the churn. The churn mass is cooled with a 
stream of ice-water, in order to set it, and prevent crystallisation as far 
as possible. The mass is then thrown on the “‘worker,” salt and a 
preservative being usually added. 


ors 


Som \Scm*som 
"Scar 
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In England it is illegal to add more than 10% of butter to margarine, 
and in the absence of coconut and palm-kernel oils, the amount of 
butter added is controlled by the Reichert-Wollny value of the margar- 
ine. As this method must be carried out in a standard way, the follow- 
ing details were laid down by the Government Laboratory and a 
Committee of the Society of Public Analysts (England): (For details 
of the A. O. A. C. methods generally used in the United States see 
pages 23-25. ‘The alkali-glycerol method (p. 25) is quite satisfactory 
for general inspection work.) 

5 grm. of the fat are introduced into a 300 c.c. flask (of the form 
seen in Fig. 11). 2 c.c. of a sodium hydroxide solution (prepared by 
dissolving 98% sodium hydroxide in an equal weight of water and 
protected from absorption of carbon dioxide) and ro c.c. of alcohol 
(about 92%) are added, and the mixture heated for 15 minutes under 
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a reflux condenser, connected with the flask by a T-piece, in a bath of 
boiling water. The alcohol is evaporated by heating the flask on the 
water-bath for about 1/2 hour, until the soap is dry. 100 c.c. of hot 
water which has been boiling at least 10 minutes are added, and the 
flask heated till the soap is dissolved. 40 c.c. of N/1 sulphuric acid, 
and 3 to 4 fragments of pumice are added, and the flask at once con- 
nected to the condenser as shown. The flask is first heated with a 
very small flame until the insoluble fatty acids are melted completely 
without boiling the liquid. The heat is then increased and 110 c.c. 
are distilled into the graduated flask (within 28 to 32 minutes). The 
distillate is shaken, roo c.c. are filtered off, transferred to a beaker, 
0.5 c.c, of 1% alcoholic phenolphthalein solution added and titrated 
with N/1o sodium hydroxide or barium hydroxide. A blank test 
of the reagents is carried out in an identical manner. It should not 
exceed 0.3 c.c. of N/1o alkali. The volume of N/1o alkali, less 
the blank, and multiplied by 1.1 is the Reichert-Wollny figure. Oper- 
ating in this way, the following relations hold fairly well: 


R.-W. figure of margarine Percentage of butter fat present 
4.0 Io 
4.3 II 
4.6 I2 
4.9 3 
5h) 14 
5-5 15 
5-9 16 
6.2 I7 
6.5 18 
6.8 19 
Foes 20 


Arnold gives the following values for margarine, etc.: 


R.-M. Polenske 
DV ciroarim © peraioeetattetstaneVeieiahe) <4 0.3-0.6 0.48-0.53 
Oleomargarinescmcss «ech. 0.3-0.4 0.48-0.55 
ear diateerertctemlarste sehve rete tiers sce 0.2-0.7 0.45-0.55 


The following regulations for the control of margarine are in force 
in various countries (1906): 
Canada.—No margarine or butter substitutes to be made or im- 


ported. 
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Austro-Hungary.—Milk and cream may be churned with margarine, 
but not more than 1oo pints by weight of milk (or a corresponding 
amount of cream) to every 100 pints by weight of fats not butter fat. 

In Austria, sesame oil to 10% by weight must be added. In Hun- 
gary o.r grm. of dimethylamino-azo-benzene must be added to every 
100 kilos of margarine. 

Belgium.—Margarine may contain 10% of butter and at least 50 
parts of sesame oil to be added during churning and 2 parts of dry 
starch to 1,000 parts of fat. 

Sweden.—Margarine must contain 10% sesame oil. 

Denmark.—Butter fat in margarine not to exceed 15%. Sodium 
chloride to be the only preservative and 10% sesame oil to be present. 

France.—Not more than 10% of butter fat to be present. 

Germany.—Milk and cream may be used as in Austro-Hungary. 
German law insists that margarine shall contain so much sesame oil that 
a distinct red colour is produced when o.5 c.c. of the clear melted 
fat is mixed with 9.5 c.c. of cottonseed oil, and the mixture shaken 
with an equal volume of hydrochloric acid and a few drops of 2% 
alcoholic furfural solution. 

Italy.—Margarine is not to be coloured like butter. 

England.—Margarine is not to contain more than 16% of water, 
or more than 10% of butter fat. 


Addendum to page 310. 


Messrs. S. P. and S. S. Sadtler in a private communication to the 
American editor report the following results of the application of the 
Liebermann-Storch test 1o samples of oils that may b epresent in com- 
mercial butter substitutes or in similar substances: 


Oil Colour obtained 
RADe VeWamn esc, seks si sesame ole We aly Red to brown 
MIT SEC Chase pis eee aie aia vite, acta oan eS Red to brown 
IBKOay Gao bigiad akg real aoe mes soc Red to brown 
KE CATHUL reece tooo cre incre ae eine Shae Red to brown 
NES tar Ger cee Raters eidsicta e heoe Green 


Mustard oil was easily detected by the test noted by Tolman and 
Munson; namely, in saponifying with alcoholic solution of alkali, a 
piece of bright silver is put into the liquid. The metal will be tarn- 
ished if mustard oil is present. Mustard oil may be an adulterant of 
rape oil and thus be found in oils adulterated with the latter. 


LARD. 


By C. AINSWORTH MITCHELL, B. A. (Oxon), F. I. C. 


(See p. 72.) Lardis the fat of the pig, melted and strained to separate 
tissue and impurities. That known as ‘“bladder-lard”’ or leaf lard is 
usually prepared solely from the omentum or fat surrounding the kid- 
neys. ‘‘Keg-lard”’ is made from the fat of the entire animal, and usually 
melts between 28 and 38°, and solidifies between 24 and 31°; hence it 
melts at a lower temperature than that from the omentum, which has a 
m. p. of 42 to 45°, and alone has the right to be called lard. The mixed 
fat from the entire animal would be more appropriately termed ‘‘hog- 
dripping.” In the American trade lard is classified into the following 
grades (Wiley; Bull. 13, U.S. Dept. Agriculture): 

1. Neutral lard, rendered from the perfectly fresh leaf of the pig at a 
temperature between 40° and 50°. It contains about 0.25% of free 
fatty acids. The best quality is used solely for making oleomar- 
garine, while a second quality, rendered from the back fat, is bought by 


> confectioners. 


2. Leaf lard obtained by rendering the residue left from 1 at 
steam-heat under pressure. 

3. Choice Kettle-rendered Lard.—Choice lard.—This consists of 
fat rendered in steam-jacketed open kettles from portions of the leaf 
and back fat not used in 1. 

4. Prime steam lard, rendered by direct steam heat, mainly from 
the fat of the head, heart, and small intestines, though it may also con- 
sist of the fat from any part of the animal. 

5. Guts, a low quality, which may be derived from any part of the 
animal except the heart and lungs. 

Composition of Lard.—Lard contains the glycerides of stearic, 
palmitic, myristic, lauric, oleic, and linoleic acids, while Farnsteiner 
(Zeit. Untersuch Nahr. Genussm., 1899, 2, 1) has also detected traces 
of linolenic acid. 


3f7 
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The proportion of stearin differs with the origin of the lard. Thus 
Hehner and Mitchell (Analyst, 1896, 21, 326) found the amounts of 
stearic acid yielded by fat from different parts of the same pig to range 
from 15.5% in the flare lard fatty acids to 9% in head fat fatty acids. 
These differences appeared to be chiefly due to variations in the 
amounts of the liquid fatty acids. The characteristic differences in the 
form of the crystals obtained from beef fat and lard in the Belfield test 
(see below) were attributed by Hehner and Mitchell to a larger propor- 
tion of stearic acid in the former; but Kreis and Hafner (Zeit. Unter- 
such Nahr. Genussm., 1904, 7, 641) have found that the difference is 
due to the lard crystals consisting of a mixed ester, heptadecyl-di- 
stearin (m. p. 50.5° and 65.2°), whereas beef and mutton fat crystals 
both consist of palmito-distearin (m. p. 50.5° and 61.6°). 

Examination of Commercial Lard.—The Analytical values or- 
dinarily obtained in the examination of pure lard are shown in the 
table on page 72. There are, however, cases of frequent occurrence 
in which it is difficult to decide whether a sample is genuine though ab- 
normal in its values, or whether it has been skilfully adulterated. 
Taking into consideration the natural variations in fat from different 
pigs and from different parts of the same pig, a sample giving abnormal 
values can only be regarded as suspicious, unless the presence of an 
adulterating substance be detected by special tests. 

Iodine Value.—Lards of American origin are, as a rule, characterised 
by a considerably higher iodine value than lards of European origin. 
Thus of 100 samples of American lard examined by Voigtlander ~ 
(Zeit. angew. Chem., 1898, 857) no fewer than 88.5 had an iodine 
value of 61 to 66, while in 41 cases the value exceeded 64. On the 
other hand, Dieterich who examined 112 samples of German lard, 
obtained iodine values of 48 to 53 with 71.7%, while only in 2 cases was 
the value as high as 64. 

An estimation of the iodine value and of the stearic acid by Hehner 
and Mitchell’s method (p. 393) in the mixed fatty acids of a lard may, 
when considered together, sometimes give useful indications of adultera- 
tion with beef fat and a vegetable oil. Samples of lard, believed to be 
genuine, examined by Hehner and Mitchell gave the following results: 


Todine values, 61.2 57.5 61.2 65.6 63.6 
Stearic acid, %, 13.0 16.0 6-7 9.9-10.6 7.4 


A high iodine value (e. g., 65), in conjunction with a high proportion 
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of stearic acid (e. g., 15%) would point to the sample having been 
“stiffened”? with beef stearin and then rendered sufficiently fluid by an 
addition of cottonseed or other vegetable oil. 

The Bromine Thermal Value.—This corresponds closely with the 
iodine value in the case of lards, and the method described on page 
60 affords a very rapid means of determining the halogen absorption 
of a sample. 

The Iodine Value of the Liquid Fatty Acids.—Since vegetable oils con- 
tain fatty acids of a greater degree of unsaturation than the fatty acids in 
lard, the iodine value of the liquid fatty acids separated by the lead- 
ether method (p. 390) may afford useful evidence of adulteration. 
Results thus obtained with different grades of lard and with vegetable 
oils are given by Wallenstein and Fink (Chem. Zeit., 1895, 18, 1189) 
and by Lane (J. Soc. Chem. Ind., 1901, 20, 1083). The liquid fatty 
acids of pure lard usually give an iodine value of 95 to 97 (American 
lards up to 115), while the corresponding value in the case of cottonseed 
oil is about 146. 

Refractometer Reading.—The results obtained with the butyro- 
refractometer or oleo-refractometer approximate roughly to the iodine 
value; and, like that constant, differ with the part of the animal from 
which the fat was obtained. Thus, a typical European lard with 
iodine value of 59 gave an oleo-refractometer reading of —12.5°, 
while an American lard with iodine value of 65 gave a reading of — 4.0° 
in the oleo-refractometer. 

Results obtained with lards and substances used to adulterate them 
are given by Jean (Bull. Soc. Chim., 1895, 13, 780) and by Dupont 
(ibid., 775). The method may be found useful as a preliminary 
sorting test. 

Solidification-point of Fatty Acids—This differs much with the 
origin of the fat. Thus, fatty acids from the ham and head fat, solidified 
at 34.8° and 34.6°, respectively, while those from the flare of the same 
pig solidified at 40.0° (Hehner and Mitchell). Still, this value 
(by Dalican’s method), considered in conjunction with the iodine value, 
may, in some cases, afford confirmatory evidence of adulteration. 

Acidity.—The proportion of free fatty acids in lard, when freshly 
rendered, is usually below 0.5% (as oleic acid). Twelve samples of 
American lard examined by Wiley contained from 0.35 to 1.0%. 

Water.—As a rule, the amount of water is insignificant. Thus, in 
the case of American lards the proportion found by Wiley ranged from 
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a trace to 0.7%. A rapid method of ascertaining the amount of water 
was based by Polenske (A7d. a. d. Kaiserl. Gesundheitsamte, 1907, 25, 
_ 505) on the temperature at which the melted fat becomes turbid. 
This has recently been confirmed by Fischer and Schellens (Zeit. 
Untersuch. Nahr. Genussm., 1908, 16, 161), who obtained the fol- 
lowing results in substantial agreement with the figures of Polenske: 


\Wietisies Wyn sewaaesné son. 0.45 O:40° 0.35 ©.30° 0.25 10220)" 00-15 
Turbidity temperature,°. 95.2 90.8 85.0 75.8 64.6 53.2 41.2 


Of the samples of German lard examined by Fischer and Schellens, 
none contained more than 0.3% of moisture, and, in their opinion, 
therefore, lard should not show a turbidity temperature exceeding 75°. 

The method is not applicable to the determination of moisture in 
tallow or beef fat. 

In the case of lard adulterated with water, the latter may be esti- 
mated by heating 1o grm. of the sample at 110° until no more globules 
of water are seen, and ascertaining the loss in weight. This form of 
adulteration is no longer of frequent occurrence. : 

Detection of Vegetable Oils——When a consideration of the 
analytical values (notably the iodine value) of a sample of lard indicates 
the probable presence of a vegetable oil, further evidence may be 
obtained from the iodine value of the liquid fatty acids, as mentioned 
above. 

The phytosteryl acetate test (see page 301) may then be used for 
further proof, and special tests may be applied for the detection of the 
vegetable oils most likely to be present. These are cottonseed oil 
and cottonseed “‘stearin,’’ sesame oil, maize oil, arachis oil and coconut 
oul. 

Cottonseed oil and stearine may be detected by the silver nitrate 
test, Halphen’s test and the nitric acid test (see Cottonseed Oil, page 136). 

Sesame oil may be detected by the furfural test, Soltsien’s test and 
Tocher’s test (see Sesame Oil, page 141). 

Maize Oil.—No distinctive colour test for this oil has been discovered. 
Its presence in lard will be indicated by the phytosteryl acetate test, 
the high iodine value of the liquid fatty acids, a high yield of linolic 
tetrabromide on brominating the liquid fatty acids, and the negative 
results of characteristic tests for the other oils. The Reichert-Meissl 
value may also afford confirmatory evidence (see Maize Oil, page 139). 

Arachis oil is best detected by a determination of the arachidic acid 
by Renard’s method (see Arachis Oil, page gr). 
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Coconut oil will be indicated by the increased saponification value 
and the Reichert-Meissl value (see also Coconut Oil, page 187, and 
Butter, page 279). 

In drawing conclusions as to the adulteration of a lard with cotton- 
seed or sesame oil, it should be remembered that indications given by 
the special colour tests may possibly be due to the pigs having been fed 
upon cottonseed or sesame oil-cake. Thus, Soltsien (Chem. Zentralbl., 
1901, I, 539) found that many American lards gave a faint colouration in 
Halphen’s test for cottonseed oil similar to that which would have been 
produced by an addition of about 1% of that oil; while Dunlop 
(J. Soc. Chem. Ind., 1906, 25, 459) found that fat from the back and 
shoulder of a pig fed upon cottonseed cake gave indications in the 
test corresponding to no less than 10%. The iodine value of the fat, 
however, was quite normal. (See p. 301.) 

Beef Fat and Other Animal Fats.—Some indications of the 

presence of beef or mutton stearin in lard may be afforded by a deter- 
- mination of the m. p. of the fatty acids and of the proportion of stearic 
acid which they contain, especially when considered in conjunction 
with the iodine value and the results of special tests for vegetable oils. 

Crystallisation of the Fat.—A qualitative test for the presence of beef 
fat was described by Belfield (Analyst, 1888, 13, 70). When the fat 
is dissolved in ether, and the solution allowed to evaporate spontane- 
ously in a test-tube closed with a little cotton-wool, crystals are obtained 
which, examined under the microscope, appear broad with chisel- 
shaped ends in the case of lard, but needle-shaped and grouped 
in fan-like bunches when derived from beef or mutton fat. Kreis 
and Hafner (supra) have shown that the difference is due to the crystals 
consisting of different mixed glycerides. In the case of the flare lard 
recrystallisation as advocated by Stock (Analyst, 1894, 19, 2) tends to 
give crystals approximating in general form to those obtained from 
beef fat (Hehner and Mitchell, supra). 

When a mixture of lard and beef fat is crystallised in this way, the 
form of the crystals is intermediate between those from the respective 
ingredients, though approximating more toward the form of the lard 
crystals. 

Again, Dunlop has shown (loc. cit.) that when the ‘‘plumose’’ 
crystals from beef or mutton fat are recrystallised, they finally show 
numerous individual, flat, chisel-ended crystals closely resembling 
those obtained in a first crystallisation from lard. Moreover, since 

Voletl.— 2m 
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the first crystals from beef fat are more soluble than the first crystals 
from lard, recrystallisation of a mixture of the two from ether (as in 
Stock’s method) will not effect a concentration of the beef stearin. 

Stock’s Process (Analyst, 1894, 19, 2) is a quantitative application 
of the Belfield test. The deposits obtained on crystallising the fat 
under fixed conditions are washed with definite quantities of ether at a 
definite temperature, and weighed. The results are then compared 
with those obtained under the same definite conditions from standard 
mixtures of lards of different m. p. with different proportions of beef 
stearin. 

In the light of the experiments of Hehner and Mitchell (Analyst, 
1896, 21, 328) and of Dunlop (/oc. cit.), further investigation of the 
nature and behaviour of the deposits from mixed fat appears necessary 
before trust can be placed in the results of this test. 

With regard to the original qualitative test, Dunlop has shown that 
. it is necessary to examine the crystals under a magnification of 300 to 
400 diameters to see the form of individual crystals, and not to rely 
solely on the fan-like grouping of the bunches of crystals, as seen under 
a magnification of 100 diameters as a proof of the presence of beef 
stearin. 

At its best, the test can, as yet, only be regarded as affording con- 
firmatory evidence of adulteration; and, as was pointed out by Hehner 
(Analyst, 1902, 27, 24), the occurrence of the “beef-form”? of crystals 
should only be regarded as a proof of the presence of beef or mutton 
fat when the presence of a vegetable oil has been detected and the lard 
has a high iodine value. 


LINSEED OIL. 


By C. A. KLEIN, CueEmisr, 
Brimsdown Lead Company, Ponders End., Middlesex. 


(See p. 70.) Linseed oil is obtained from the seeds of the flax 
(Linum usitatissimum L). The plant has an exhausting effect on soil, 
which necessitates some local adjustment and change of the source of 
supply.t Linseed is principally imported from the Baltic ports, 
Russia, East India and South America, and is to some considerable 
extent cultivated in various parts of Europe, Egypt, and Brazil. 
Linseed growing experiments have recently been carried out in New 
South Wales and have been attended with considerable success. 
Large quantities of linseed are grown in North America, though little’ 
of this is exported. 

Commercial linseed is never pure, being eortumiuated by foreign 
seeds, owing to various plants grown with the flax. This fact is recog- 
nised by the trade and the Linseed Association which samples and tests 
all seed imported to England bases its valuation on the amount of 
foreign seeds present, half value being allowed for oleaginous seed 
other than linseed, while non-oleaginous seed is not given any 
value. Baltic seed is freest from foreign matters and hence the oil 
expressed from it is the purest. In certain Black Sea ports it was 
the practice to add 5% of hemp or ravison seed, but this has been 
discontinued. The foreign seeds usually present are hemp, mustard, 
rape and cameline, the exact variety or combination depending on 
local conditions. According to Wijs,? La Plata seed seldom con- 
tains more than 5% of foreign seed (mostly non-oleaginous). In- 
dian seed rarely contains more than 6%; one Calcutta grade, however, 
has been examined which contained as much as 30%. South Russian 
seed is fairly pure, while North Russian seed has been found to con- 
tain from 5 to 10%, and even 20% of foreign seeds. Wijs (loc. cit.) 
has determined the iodine values of a large number of samples of oil 


1 Leather. Mem. Dept. Agriculture iw India, 1907, I, 13- 
2Chem. Rev. Fett-Hars-Ind., 1899, 6, [2], 29. 
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from mixed and unmixed seed from various sources. It has been 
shown that linseed from different localities carefully freed from foreign 
seed yields an oil quite equal to that from Baltic seed. The superiority 
of Baltic oil is entirely due to the more careful harvesting. The for- 
eign seeds usually affect the drying qualities of the oil. Linseed varies 
in size and colour. The usual colours are a purplish-brown, and a 
reddish-brown, but a white variety is known. ‘This variety is grown 
in some parts of the North-West Provinces of India, but no care is 
taken to keep the strain pure. According to Church," the seed con- 
tains 45% of oil, the product obtained from a picked sample bein 

nearly colourless. 

Leather (loc. cit.) describes experiments carried out in India with 
regard to the effect of transference of rich seed to localities which 
usually produce a seed of low oil content; the results show a reduction 
in the percentage yield under these conditions. 

Preparation of Oil from Seed.—The percentage of oil obtained 
from a given variety of seed cannot be said to be constant, as the yield 
‘is influenced by conditions of soil, climate, ripeness, seasons, etc. 

Schindler and Waschata? found in 43 samples of linseed oil from 
35-74 to 43.26% of oil, an average of 39.48. The following table, 
showing the oil contents of seed from different sources, is due to them. 


Kind Oil in % Average 
GalCubia crease teary ean Galas shea ota fatter ee 38.55-43.26 | 40.16 
OU Vitec ae eerie Tere eRe wae! cae bs ole are ne 36.96—-42.90 41.03 
IRGUISSTEy Sovaetorcp eters sy Were cr ceees alas eneter ce eiae cies ETN okt ee 36.53-39.06 37.90 
Erna Wh Cees Pan Wine ee haath es EAE ere eiy| © eet ok coe oe 41.27 
Constanza Smearen nin chen etter too 21. acca ine Sarena 38 .00-38 .94 38.47 
SAV AIA Meictotic Tee cea etn eR edocs ae eae 36 .95-42.04 40.04 
PN CA TY A oc ecueudt tak ema reat ae eet OE ees 36 .63-37 .86 27.03 
eee sraxatey ay of aba vare ee RATA acensles,2 coe aloe tan ee 35-74-39-75 37-74 
IN Orth RAM Eri Ga Mek tesa tn cee pA NO Gah ee, Meee |e eee |= 2Os4an 
IG EMC otro ae cena DN eye EL Oe ENA om col A 36 .45-39.18 37-59 


Extraction with ethyl ether yields larger quantities of crude oil than 
is obtained by using petroleum ether. 
Leather’ has examined seeds of Indian origin, and by a process 
_of double extraction using ethyl ether has found the oil contents of dif- 
ferent seeds vary from 35.60% to 43.80%. The double extraction con- 
1 Chemistry of Paints and Painting, root. 


> Benedikt and Ulzer. Analyse der Feite, etc., 1908. 
3 J. Soc. Chem. Ind., (Abstract) 1907, 26, 622. ‘s 
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sisted in first extracting the bulk of the oil, then drying and crushing 
the residue before a second extraction. This method gave values 3% 
higher than by single extraction. 

According to Andes, linseed contains 8% of water, 33% oil, 25% 
of albuminoid matter, traces of tannin, 4 to 5% of ash. When linseed 
is cultivated for oil only, a larger yield is obtained than when fibre 
has been desired—in the latter case the seed is not ripened sufficiently, 
and therefore does not possess the full oil content. 

The seed is kept from 2 to 6 months before pressing, as new seed 
yields a turbid and more viscous product containing much mucilage. 
The oil expressed from American and Russian seed usually contains 
a larger proportion of moisture than Calcutta and East Indian seed 
which is invariably full-grown and matured, and consequently gives a 
greater yield of oil. 

The extraction of oil from seed is carried out by one of the following 
methods: 

1. Cold pressure, yield 20%-21%. 


2. Hot pressure, yield 27%-28%. 
3. Extraction with various solvents, yield 32%-33%. 


t. Cold pressure gives a light coloured golden-yellow product, which 
is not unpleasant to the taste. In some parts of Russia, India, and 
Germany it is considered edible; further it contains less solid glycerides 
and consequently is a better drying oil. 

2. Hot pressure gives a darker coloured product, having an acrid 
flavour, which renders it only suitable for technical purposes. 

3. Extraction, which is not extensively practised in England. 
Mitarewski? states that oil extracted by the usual solvents, benzene, 
carbon disulphide, carbon tetrachloride and naphtha, lacks the 
characteristic smell of linseed or pressed oil. In the case of carbon 
disulphide extraction, the oil has a strong smell of garlic, and a dark 
reddish colour, while oil extracted by other solvents is of a yellowish- 
green colour. Solvents do not cause any determinable alteration in 
the oil or cake, except carbon disulphide, which increases the quantity 
of volatile acids—hence high saponification values result. Toch3 states 
that the solvent is liable to extract proteids from the seed, thus 
decreasing its value as a food, and he advises examination of oil for 

1 Vegetable Fats and Oils, 1902. 


2 7. Soc. Chem. Ind., 1906, 25, 818. 
3 Technology of Mixed Paints, 1907. 
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nitrogen in order to ascertain whether it is extracted or, as he terms 
it, “‘new process”’ oil. 

According to Petit,t extraction yields a product containing all the 
fats present in the seed, some of which do not dry. 

Fassbender and Kern? have shown that it is possible to obtain a pure 
oil from an impure seed, as the cake retains a large proportion of the 
foreign oils. 

Linseed Cake.—The press cakes obtained by the pressing of linseed 
furnish a very valuable cattle food which retains about 10% of the 
oil. The cake obtained by the extraction process is of little or no 
value as food. 

According to the researches of Dunston,3 Henry,?* and Auld,*’4 
linseed cake contains a cyanogenetic glucoside “linamarin” together 
with an enzyme which occurs naturally in the flax plant and in linseed. 
In the ordinary process of hot pressing the temperature is high enough 
to destroy the enzyme, but with cold pressure the enzyme is active, and 
in the presence of water acts on the glucoside with the production of 
hydrocyanic acid. It is suggested that cases of cattle poisoning pre- 
viously considered to be due to the presence of foreign seeds might 
be explained by this enzyme action. 

Refining.—The varieties of linseed oil usually recognised in com- 
merce are “Raw,” “Refined,” “Artists’,” and ‘‘Boiled.” The latter 
is dealt with in a subsequent chapter. 

Raw linseed oil varies in colour from amber-yellow to yellowish- 
brown and has frequently a greenish fluoresence, and a somewhat 
sweet, sickly odour. In the refining process these two character- 
istics are removed. According to Toch (loc. cit.), the colouring of 
linseed oil is usually due to chlorophyll, or, as occasionally happens 
when a reddish cast is observed, to erythrophyll; and bleaching de- 
pends on the conversion of these colouring matters into yellow 
xanthophyll. 

For ordinary refining, the process generally adopted is that of 
agitating the raw oil after a preliminary settling and heating, which 
causes the coagulation of impurities, with 1%-2% of sulphuric acid 
(sp. gr. 1.845) in lead-lined tanks. The charred mass formed by 
the acid carries down the bulk of the impurities, and after again being 


1 White Lead and Zinc Paints, 1907. 
2 Zett. angew. Chem., 1897, 331. 

3 Proc. Roy. Soc., 1906, B, 78, 145. 

4 J. Soc. Chem. Ind., 1908, 27, 428. 
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allowed to settle the oil is drawn off and washed by boiling with 
water. After settling, the water and ‘foots’ are run off from the 
refined oil. Linseed oil is usually stored in lead-lined tanks, in which 
a further deposit of mucilage or “foots” takes place. These foots are 
used in the manufacture of soap, putty, or low-grade paints. 

Kochs* states that the mucilage in linseed husks is a carbohydrate 
formed from starch during the ripening of the seed. It behaves like 
starch and is partly converted into glucose on heating with dilute acid. 
Kochs heated a portion of “foots” with 25% hydrochloric acid for 10 
minutes and, after neutralising with caustic soda and boiling the 
filtrate with Fehling’s solution, obtained a precipitate of cuprous oxide 
corresponding to 16.3% of linseed mucilage. Another sample of foots 
from Indian seed contained nitrogen corresponding to 11.3% proteids 
and 9.1% ash. 

Bleaching by means of hydrochloric acid and dichromates is also 
adopted. This method yields a product very pale in colour, which 
frequently has a very characteristic odour. If the process is not 
carried out with care, there is danger of chlorinating the oil. (See 
paragraph on Iodine Values.) 

A very large number of processes have been patented for refining 
linseed oil, among which may be mentioned filtration through Florida 
earth or charcoal, treatment with tannin, aluminium hydroxide, 
zinc chloride, ozone, treatment with peroxides of calcium, magnesium, 
etc., and sulphuric acid, the oxygen liberated by the latter causing 
bleaching. None of the foregoing call for any special mention. 

In the preparation of artists’ oil, raw oil is allowed to stand for weeks 
or even months to cause impurities to settle, and is then treated with 
litharge or lead acetate. It is then bleached by exposure to sunlight. 
Various secret methods are also employed. Iron or zinc sulphates are 
also used, and are said to hasten the deposition of impurities. 

Technical Applications.—Linseed oil is the most important of the 
drying oils, and finds extensive application in the following indus- 
tries: paints, varnishes, oil and leather cloth, linoleum, printing ink, 
rubber substitutes, etc. 

The selection of linseed oil for varnish is a question of importance, 
and much care has to be exercised in order to obtain the best results. 
There is a general preference for Baltic oil and, as a consequence, 
Baltic oil is usually at a premium. Bearn states that Baltic oil 


1 Qi] and Colourman’s Journal, 1906, 29, 1882. 
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stands its colour much better on heating, hence the preference for 
Baltic oii in varnish-making; also it is “harder” and does not tend to 
deposit mucilage or break on standing. For varnish-making it is 
essential that the oil should be free from mucilage, which, as previ- 
ously stated, is deposited on standing. Metallic lead appears to hasten 
the deposition, hence the practice of storing oil in lead-lined vessels. 
Thompson! has investigated this question, and has found that the 
formation of mucilage or coagulation of oil is due to the presence of 
phosphates and sulphates. Thompson has examined the “mucilage,”’ 
“spawn,” or “break,” and after removal of oil by petroleum-ether 
found it to contain 47.79% of ash, which, on analysis, showed 20.96% 
CaO, 18.54% MgO, 59.85% P.O;, and traces of sulphate. It will be 
seen that storage effects the removal of those substances which render 
oil unsuitable for varnish-making. (See paragraph on Ash.) 

Niegmann? states that linseed oil to be used for varnish, boiled oil, 
linoleum, etc., should not form flocks when quickly heated to boiling 
in a test-tube. Also that only oils which do not give any deposit on 
standing for a long time, which assume a clear greenish colour on 
boiling, and do not show turbidity on standing when exposed to air 
for a month should be used. (See Lippert, Zeitsch. angew. Chem., 
1897, 306.) 

Raw oil, intended for making pale boiled oil or varnish, should not 
have a sp. gr. below 0.935, otherwise it will probably contain a pro- 
portion of other seed oils which will impair its drying qualities; 3% 
of such admixture is the maximum allowable in linseed to be used for 
producing oil for varnish work. 

In practice, the best oil is that which dries most perfectly, but the 
rapidity of drying and the condition of the ultimate product are impor- 
tant factors to be considered in judging its quality. Thus the dried 
oil may be tough, very elastic, hard and brittle, or rotten. An oil giv- 
ing a hard product is to be preferred, as elasticity can be readily 
imparted in the after-treatment if required. 

Extraction from Paint.—Linseed oil (both raw and boiled) is 
the most generally employed vehicle for paint. For high-class work, 
as in artists’ colours, poppy seed and walnut seed oil are frequently 
used. It can be readily extracted therefrom by the use of any ordi- 
nary solvent. In some cases extraction may not be complete owing to 


1 J. Amer. Chem. Soc., 1903, 25, 716. 
2 Chem. Zeit., 1905, 29, 465. 
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reaction having taken place between the oil and the pigment, cf. 
Davis and Klein (J. Soc. Chem. Ind., 1907, 26, 848), who found a 
small quantity of unextractable fatty matter in white lead, probably 
due to the combination of the free fatty acids of the oil with white lead. 

In the examination of a mixed paint, the light oils may be distilled 
off in steam, and the residual oil extracted. It must be pointed out 
that it is by no means unusual to obtain values from an extracted oil 
quite different from those of the original oil used, cf. Boettinger, Chem. 
Zeit., 1899, 12, 22; Lotter, J. Soc. Chem. Ind., 1895, 14, 169. Also see 
paragraph on Iodine Values. 

In some cases it is found difficult to free the solution in ether from 
the solid matter owing to the finely divided pigment being held in 
suspension. [If filtration fails, a centrifuge must be used, and this is 
usually most effective. 

The extraction of linseed oil is best carried out by shaking the paint 
with the solvent, then allowing the pigment to settle, and evaporating 
a portion of the clear solution in a tared vessel. It is to be noted 
that the quantities of oil required by different pigments to produce a 
paint of similar consistence differs considerably. 

Substitutes.—There are no substitutes for linseed oil in general 
use in England. Various substitutes for painting work have been 
patented, but these have not so far met with approval. 

In America, according to Holley and Ladd,’ cottonseed oil, although 
seldom found in house paints, is often used in barn paints. 

Composition.—The elementary composition of linseed oil is given 
by different authorities as below. 


Composition | 
Source aa Observer 
hoke H O 

Coldldua writer mie sre ores eet. a.s -78,I1 | 10.96 | 10.93 } had 

FROG iclra wits eine rete ciatine asst eca ae oisuors Wea 7a) LOLOS (13205 eee 

INotstatedaees a yew Mei ares choice 9 77S a ebes 11.10 | Cloez. 

NOE SLALE Ciera sre mrttiiad olis's 537 -:-:2.-1¢ 45.21 | 10.471 | 14.08 | Williams,’ 
Mean of 2 es- 
timations. 

Extracted from Baltic seed by petro-| 76.24 | 10.63 | 13.13 | Bearn. 

leum ether. 


1 Holley and Ladd. Mixed Paints, etc., 1908. 
2 Analyst, 1898, 23, 253- 
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Church (loc. cit.) states that oil extracted by carbon disulphide con- 
tains more oxygen and less carbon than oil obtained by pressure. 
The chemical composition of linseed oil is not completely under- 
stood. The following figures are quoted, but the reader is referred to 
Lewkowitsch (loc. cit.) for a résumé of present views together with the 
references to original papers. 
Linseed oil contains: 
10%-15% glycerides of solid fatty acids; 
i. €., stearic, palmitic, and myristic. 
85%-90% liquid glycerides. 


Hazura and Grussner state that the fatty acids from the liquid 
glycerides consist of 


Oleic acid xn syeustajagatayteortors assets sh sah isy ass enon nee ate 5% 
Linolele acid ake sas oc 2 foe noe +e ee ee 15% 
imolenichacial fo. hicks. shetaiy ce. ses ene penee a eee he eee eae 15% 
Isolinolenig acid < vwwhissticrie mxalasere kieran pre eeee 65% 


Fahrion gives the following: 


Upsaponitiable matters amici iene moe cate eerie 8.0% 
Combined fatty acids—palmitic and myristic acids..... 8.0% 
Oleicacid sa ijn nar eR sinaek os aes eee ee T7eS 0G 
Amoleic, AGI tj. vss cc teuaeysdhsas colon ceeher over acrtrae eheRalCaen rele 26.0% 
Binolenicyachde coeds «cces stom a eke ier nee ae eee eee 10.0% 
TeolinGlenicercid sais % assis, dsl oenc telat kur ope cote ee 33-5% 


See 

Fokin. Chem. Centr., abstr., 1902, 2, 8, 601. 

Tolman and Munson. J. Amer. Chem. Soc., 1903, 25, [3], 960. 

Fahrion. Zeits. angew. Chem., 1903, 1193. 

Fahrion. Ibid., 1904, 1484. 

Haller. Compt. rend., 1906, 146, 259. 

Fokin. J. Soc. Chem. Ind. (abst.), 1906, 25, 935. 

Bedford. “Ueber die ungesittigten Saiiren des Leinils,” Inaugural 
Dissertation, Halle a/S., 1906. 

Erdmann and Bedford. Ber., 1909, 42, 1324. 

Bedford and Rispe. Jbid., 1334. 

Specific Gravity.—The sp. gr. is usually 0.935 at 15°, but may 
range between 0.931 and 0.937, depending on source, age, exposure, 
and method of refining. 

See table of constants, and general chapter on sp. gr. Ballantyne* 
has investigated the influence of exposure to light and air on linseed oil. 


1 J. Soc. Chem. Ind., 1891, 10, 30. 
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He found that linseed oil which was exposed to sunlight and air and 
agitated every morning behaved as below: 


Imonth 2months 3 months 4 months 5 months 6 months 
SP) Stat 15.759. . .0.0321 019330 0.9353 0.9359 0.9372 0.9385 


The original sp. gr. was 0.9325. 

In a corked bottle, that is excluding exposure to air, there was 
practically no change, 7. e., from 0.9325 to 0.9327 in 6 months. 

Ballantyne found a decrease in sp. gr. of linseed oil kept in the dark, 
although exposed to air and agitated daily. 

Belliert records 0.930 as the sp. gr. of a sample of edible linseed oil. 

Wijs? found that the sp. gr. of linseed increases with its iodine 
value. Thus he found that samples, the sp. gr. of which increasep 
from 0.9310 to 0.9352, had iodine values ranging from 180.1 to 200. 
This can only apply to fairly new samples, as it has been ob- 
served by Ballantyne that on exposing a sample of oil to air and light, 
the sp. gr. increases, while the iodine value is lowered. 

Solidification.—According to Chateau, linseed oil solidifies at 
—27° into a yellowish mass. 

Lewkowitsch (loc. cit.) states that at —25° “‘stearine deposits.” 

Sjollema states that linseed oil remains liquid when cooled below 
o° and in this respect differs from most other oils. If free fatty acids 
are present, crystallisation may occur. Certain varieties of linseed oil, 
e. g., North Russian, will remain clear at —14°, and can be mixed with 
several per cent. of cottonseed oil, and then will only show the same 
turbidity temperature as genuine linseed oil from other sources. 

Flash-point. According to the Oil and Colourman’s Journal,4 


ear Blatadas hesrc eerie ei iaak trannies 450° F. (close) 
Galoutta flashesiat 0°. cuss, steamers le oases 490-5002 F. (close) 


Baltic flashes'at Overs...c. 226s re oe cies 500° F. (close) 


Kiinkler5 quotes linseed oil sp. gr. 0.930, flash-point 285° (open 
test). M. Rakusin® states that linseed oil, sp. gr. 0.930—0.935, flashes at 
20.5-22.5°, and points out that adulteration by mineral oil is readily 
detected by a lowering of the flash-point. 


1 Ann. Chim. anal., 7905, 10, 52. 
2 Chem. Rev. Fett-Harz-Ind., 1899, 6, 29. 
3 Zeitsch. Nahr..Genussm., 1903, 6, (14), 631. 
41901, 22, 2081. 
5 J. Soc. Chem. Ind., 1890, 9, 197. 
Chem. Zett., 1908, 29, 690-601. 
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Bearn (private communication) gives the following figures showing 
flash-point of linseed oil and of mixtures of linseed oil with mineral oil: 


ne oe 


5% mineral oil 10% | 20% 50% 
East Indian oil, flash-point 464 455 450 418 
GEN 
Baltic linseed oil, flash- 460 455 448 420 
point 470° F. 


Ash.—The ash of raw or refined linseed oil is seldom determined. 
The Russian official? test fixes 0.75% as the maximum ash, permis- 
sible in boiled oil. 

Thompson? has determined the ash in samples of oil, and obtained 
the following results: 

1. Fresh double filtered raw American linseed oil, 0.1429% ash. 

2. Fresh double filtered raw American linseed oil, 0.1967% ash. 

3. Good well settled oil, 0.0609% ash. 

4. Best American linseed varnish oil, traces. 

Lewkowitsch has examined linseed oils containing 0.2% of ash and 
states that such oils deposit considerable quantities of mucilage. 

Brannt? gives the following analyses of ash: 


From linseed From linseed cake 
Potash 5 teem s,cns,< 28 .80 25.24 
Soda acts oe ews fetes 1.66 1.64 
IMiaipivesiaiiene ecm nae 13.63 ACM ae 
TEMG er ye tcu swat ee 8.59 8.45 
HerricrOxiGesemmnienr aa 2.03 B52 
@hioriner essen 0.06 ances 
Sulphuric acid......... ©.10 1.68 
RSH STEAD GRABS, o Mado car enreptt arta ©.40 1.81 
Phosphoric acid........ 44.73 41.98 


+ 


Solubility.—Linseed oil is very soluble in acetone, petroleum spirit, 
ethyl ether, carbon disulphide, chloroform, carbon tetrachloride, tur- 
pentine, benzene, and petroleum. Petroleum spirit, acetone, ethyl 
ether are usually used for the extraction of paints. It dissolves in 
about 5 parts of boiling and in 4o parts of cold absolute alcohol. 


: Oil and ee: s Journal, 1905, 28, 1497. 
. Soc. Chem. Ind., 1903, 22, 1005 
3 Animal and Vegetable Fats and Oils, 1896. 
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Free Fatty Acids.—The amount of free fatty acids present in linseed 
oil is low, usually ranging from 0.5 to 4%. 

Nordlinger’ and Thomson, and Ballantyne? have, however, ex- 
amined samples containing free fatty acids ranging from o.41 to 
4.19%. According to Lippert,3 “‘livering of paints” is due to the 
presence of free fatty acids. The proportion of free acids increase 
with age. A sample of raw Baltic linseed oil (33 years old) examined 
by Bearn, contained 12.45% free fatty acids. The sample had a very 
rancid taste. (See note on linseed soap stock.) 

Unsaponifiable Matter.—Thomson and Ballantyne+ found oil 
from various sources to contain 1.09 to 1.28%. Williamss found 0.8 
to 1.3% in raw oil, and 1.3 to 2.3% in an oil boiled at a high temperature. 
He is of the opinion that any oil containing more than 2.5% must 
be considered as adulterated. He also states that low temperature 
boiling does not affect the amount of unsaponifiable matter. 

Fendler® states that the normal amount of unsaponifiable matter 
does not exceed 2.0% and that blowing or oxidation does not increase 
the amount. Linseed oil obtained by pressure does not contain 
more unsaponifiable matter than that obtained by extraction. He 
recommends the determination of the mineral matter by the iodine 
absorption of the unsaponifiable matter, and states that the unsaponi- 
fiable matter of linseed oil is usually solid. According to Niegeman, 
the iodine value of the unsaponifiable matter does not vary greatly; 
further, the value is not decreased by exposure of the unsaponifiable 
matter to air in the dark, though light is fatal. When dried to a skin, 
no iodine value is obtained. 

Niegeman’ found in 18 samples a maximum value of 2.15%, and a 
minimum of 0.74%—an average of 1.35%, the average being exceeded 
in 7 samples. In view of these figures, he suggests that it is unfair 
to condemn an oil solely because its unsaponifiable matter exceeds 
1.4% 

Thoms and Fendler® fix 2.0% as limit, and state that exposure to 
light and air, or even breaking the oil, does not increase this value. 
The value is only increased when the linseed oil has been dried to a 


1 J. Soc. Chem. Ind., 1889, 8, 806. 

2 Tbid., 1891, 10, 236. 

3 Zeitsch. fF. angew. Chem., 1897, 779. 
4 J. Soc. Chem. Ind., 1891, 10, 336. 
5 Tbid., 1898, 1'7, 305. 

6 Ber., 1904, 375 294. 

7 Chem. Zett., 1904, 28, 97. 

8 Ibid., 1906, 30, 832. 
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varnish, and there is a reduced iodine value. The proportion of 
unsaponifiable matter is not less in extracted oil than in oil obtained by 
pressure (confirming Fendler) thus 1.09% in pressed oil, and 1.24% in 
oil extracted by ether from the same seed. 

Thomson and Dunlop! found, in 5 samples, unsaponifiable matter 
ranging from 0.88 to 1.25%, average 1.12%. 

As the result of 150 estimations Bearn found an average of 1.2% 
unsaponifiable matter; only in rare cases did the figure exceed 2%. 

Saponification Value.—Wright and Mitchell? quote values ranging 
from 183 to 221, while Lewkowitsch3 gives 190 to 195.2. 

Iodine Value.—Many of the earliest recorded iodine values are far 
too low, viz., about 150. This is due to the fact that the proper condi- 
tions for the estimation had not been ascertained. By the adoption of 
proper methods perfectly satisfactory results are obtained, and this 
value is one of the most characteristic tests for identification pur- 
poses, though discretion must be used in interpreting low figures. 

Linseed oil (raw and refined) has been found by various workers 
to have an iodine value varying from 165 to 200, the average values 
being 175 to 190. ‘These values are higher than those of any fatty oil 
other than perilla oil. ; 

The highest iodine value on record appears to be that obtained by 
Thomson and Dunlop,4 who found 205.4 to be the value of a sample 
of oil expressed from Riga seed. The following figures due to Thom- 
son and Dunlop show that an apparent relationship exists between 
the iodine value and the refractive index. 


Source Kee value.| Zeiss refractometer reading 

ys at 25° 
minseediolll(Rigawe-ucecerh aeras oe ae 205.4 85.5 
Linseed oil (St. Petersburg).......... 200.0 84.2 
Linseed oil (North American)........ 194.6 83.2 
Skater MVerOllyste acta etree canoe TOred 82.5 
Winsced soil m (Calcite) sealer 188 .6 81.7 
taddockuliver Oill- meme asa eree neeee 186.4 81.0 
Winseed) oil river plates: .em-6 2 es © 185.5 81.0 
Wihieineehiver ollleewe: sacha nee 184.2 81.0 


The above figures show a close resemblance between liver oils 
and linseed oil. Thomson and Dunlop consider that Wijs’ method 


1 Analyst, 1906, 31, 281. 

* Animal and Vegetable Fixed Oils and Fats, etc., 1903. 

§ Chemical Technology and Analysis of Oils and Fats, 1904. 
4 Analyst, 1906, 31, 281. 
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gives higher figures than Hiibl, and that when a sample of linseed oil 
is found having a value lower than 180, as estimated by the former 
method, a searching investigation should be carried out as to its purity. 

Lewkowitsch fixes 170 as a minimum. 

The following notes will be found of value in the interpretation of 
low iodine value in genuine linseed oil: 

1. The writer has encountered samples of linseed oil having as low 
an iodine value as 154.5. On inquiry, this was found to be oil bleached 
by means of hydrochloric acid and sodium dichromate. It was very 
pale in colour and had a characteristic smell. From this low iodine 
value, it was evident that chlorination had taken place during bleaching. 
Further samples examined by the writer gave: 


Betore leacnino ys mcm. <tuslastisitnaid sae fs ee i svess es ssi8) 8 
NP teTAD GACH MG Mart tity eNenneteistd he weetleworsre Genta tonc Greve in 


It is, therefore, evident that with care serious chlorination can be 
avoided. ‘The ordinary process of refining by means of sulphuric acid 
does not appreciably affect the iodine value. 

2. When linseed oil has been exposed to air and light, a lowering 
of the iodine value is observed. ‘This is due to absorption of oxygen. 

Ballantyne? found that linseed oil exposed in a bottle to light and air, 
and agitated daily, behaved as below. The writer has confirmed this 
observation, and the results are given together. 


Source of Original After 1 After 2 After 5 After 6 

sample value month months months months Observer 
Not known 173.46 171.8 171.78 169.07 166.17 Ballantyne 
Source Original value| Kept in |Exposed to|Exposed to} Period 
dark light light with 
lead 
East Indian 175.0 174.5 I70.0 165.6 2 Klein 

Refined months 


The greater decrease when using a vessel containing lead is of in- 


terest. 


insoluble in ether. 


The strips of lead became coated with a deposit which was 
After removal of oil by ether the product was a 


white powder, melting at 103.5 to 104.5°. Bleaching took place in 
the vessels exposed to sunlight, but the bleaching effect was not in- 
creased in the vessel containing the lead. 


1 J. Soc. Chem. Ind., 1891, 10, 31. 
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The effect of boiling on the iodine value is shown in the section on 
boiled oil. 

3. Linseed oil which has been extracted from a paint is frequently 
found to have low iodine values. Boettinger* found that linseed oil, 
having an original iodine value of 183.3, altered when ground with 
white lead—after 17 days—to 131.0; and to 122.17 after 2 months. 
Whiting and ochre showed the same changes. 

The iodine value of a sample is a fairly good indication as to its 
drying properties. Fox has shown that the oxygen absorption of an oil 
bears a relationship to the iodine value. This relationship is clearly 
shown in the ozone figures quoted on page 339. 

See paragraph on sp. gr. for relationship between sp. gr. and iodine 
value. Also see Williams (J. Soc. Chem. Ind., 1900, 19, 300). 

For influence of atmospheric oxidation on constants see Sherman 
and Falk (J. Amer. Chem. Soc., 1901, 23, 156, 1905, 27, 605). 

Bromine Values.—Mcllhiney? gives the following as being ordinary 
average figures for linseed oil: 


Iodine value Bromine Bromine addition Bromine substitution 
Hubli. value value value 
170-185 IO5—115 I00-1I0 less than 7 


Mcllhiney states that a low addition figure may be caused by rosin, 
rosin oil, benzene, or mineral oils, which usually have figures below 15, 
or by the presence of some other seed oil, e. g., corn or cottonseed oil, . 
which have figures of 73 and 63, respectively, or by boiled oil (old- 
fashioned boiling). 

Turpentine is the only adulterant causing an addition figure higher 
than 110. 

Bromine Substitution.—A higher figure than 7 indicates turpentine, 
rosin, rosin oil, benzene, or heavy petroleum. Mineral acid would 
also raise the figure, but this could be detected by high free acid 
value. 

Insoluble Bromides.—Hehner and Mitchell, Analyst, 1898, 23, 310, 
have made a number of experiments confirming those of Hazura and 
others as to the oxidation and bromination products of linseed and 
other drying oils. For details of these see p. 355. 


1 Chem. Zeit., 1898, 22, 102. Also Chem. Zeit., 1898, 22, 558. 
*Parker Mcllhiney, Report on Linseed Oil to Commissioner of Agriculture, New York 
State, 1901, or see J. Amer. Chem. Soc., 1899, 21, 1084. Et ibid., 1902, 24, 1109. 
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Halphen (J. Pharm. Chim., 1901, 14, [8], 359) has modified Hehner 
and Mitchell’s method, and applied same to the detection of drying 
and marine oils. 

Lewkowitsch' has applied this test for the detection of raw linseed 
oils prepared at high temperatures. Lewkowitsch? prefers to bromi- 
nate the mixed fatty acids (prepared with due precautions against 
oxidation). 

In reference to hexabromides see Proctor and Bennett, J. Soc. 
Chem. Ind., 1906, 25, 798. 

The test is of great value and importance in the examination of 
linseed oil for purity. See section on Adulteration. 

Bromine Thermal Value.—See page 350 for values. 

Combined Fatty Acids.—The m. p. of the linseed oil fatty acids 
has been found to vary from 17 to 24°, whilst the solidifying-point 
varies from 13.3 to 17.5°. 

Lewkowitsch gives 19.0 to 19.4, 20.2 to 20.6 as the “‘titer’’ test of 
above. 

Thoerner? states that there are 98% fatty acids present in the fat; 
sp. gr. at 100°=0.9170; refractive index at 60°— 1.4546. 

M. Tortelli and A. Pegami+ have determined the molecular equiva- 
lent of insoluble fatty acids in linseed oil, and give the following 
table: 


Linseed oil, Linseed oil, fresh 
3 years old | cold-drawn 
Oil Te value (1).. ae 2.70 0.30 
| saponification value oye Pros Ig2.1 189.8 
Insoluble fat- { acid value (3)........-. IQI.5 194.6 
ty acids ee value (4). 205.4 201.8 
Mean molec- { calculated from acid 292.8 288 .2 
ular apo value (5).. 
alent of) calculated from saponi- O22) 277.9° 
fatty acids | fication value (6).. 
IDIPerenCeNS=O% aecarena ces oe toes vs 19.6 10.3 


The difference between the recorded and calculated molecular weights 
is ascribed by the authors to lactones. In order to avoid this error, 


1 Analyst, 1904, 29, 

2 Chem. Tech. Fats aa Oils, 1909. 

3 Chem. Zett., 1895, 18, 1154. 

4Chem. Rev. Fett-Harz- Ind., 1902, 9, 182, 204, 205. 
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they hydrate the lactones by boiling the fatty acids with an excess of 
alkali, and titrate the excess. 

Refractive Index.—Owing to the fact that the refractive index 
of linseed oil does not differ greatly from that of other oils, its value 
as a means of detection of adulterants is somewhat limited. Rosin, 
rosin oil, and mineral oil raise the refractive index, but it must be 
borne in mind that oxidation has the same effect. Weger™ found 
(using a Zeiss refractometer) that a sample of raw linseed oil gave a 
reading of 80.2°, while, after treatment with 5% of manganese-lead 
resinate, this was raised to 85.8° and, after heating for 1 hour, 
TOMO Or ce 

Sjollema? prefers the refractive index to the iodine value as a 
means of detection of adulteration, and points out that the reading 
is lowered by the presence of fatty acids. Sjollema suggests a correc- 
tion of 0.6 scale division for each degree centigrade when the tempera- 
ture is not 15°, and confirms the fact that the refractive index is 
increased by oxidation. 

Harvey,3 as a result of the examination (using an Abbé refractom- 
eter) of 27 samples of linseed oil, obtained at 20° values varying from 
1.4800 to 1.4812. 

Proctor and Holmes,‘ using a Zeiss refractometer, found linseed oil 
with an iodine value of 174 had refractive index of 1.4825 at 15°; 
also linseed oil having iodine value 164 had refractive index 1.4817 
(see ‘‘Blown Oils’’). 

See also Thomson and Dunlop5 whose values a are quoted in paragraph 
on Iodine Values. 

Polarimetric Rotation.—Linseed oil is (at any rate for all 
practical purposes) optically inactive, and therefore adulteration by 
rosin oil can be detected by its rotatory power. 

Bishop,° using a Laurent saccharimeter—20 cm. tube—found 
—0.3° rotation by a sample of linseed oil. 

Thoerner’ found no rotation at 50.—60°. 

Filsinger® advises the use of a filtered solution of the oil in chloro- 
form or alcohol, and gives the following figures as the result of the 


1 Zeitsch. angew. Chem., 1899, 297 

2 J. Soc. Chem. Ind., 1903, 22, 967. (Abstract.) 
3 J. Soc. Chem. Ind., 1905, 24, 718. 

4 Tbid., 1905, 24, 1289. 

5 Analyst, 1906, 31, 283. 

6 J. Soc. Chem. Ind., 1898, 17, 990. 

7 Chem. Zett., 1894, (18), 1154. 

8 Chem, Zeit., 1894, (18), 1005. 
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examination of four samples, two of known purity, and two commercial 
samples. 


Samples of known purity Commercial samples 
German seed oil Indian oil for D 5, 5 : 
(he dnoal wa at utch oil English oil 
+0° +0° + 28° +24° +o0° +0° 
(x) (2) 


Filsinger used the polarisation apparatus of Schmidt and Hantsch— 
200 mm.—(as proposed by Aignan‘). 

Heat of Combustion.—Sherman and Snell? found the following 
heats of combustion. 


Calories per gramme 
Sample = a eT 
Constant volume Constant pressure 
en eeah 
Linseed foil T900)h. 2.0.4 <2 - >< 93604 9379 
Winseed! oil, r898..........00- | 9379 | 9394 
Linseed oil, several years old... Q2I5 | 9230 
Boiled linseed oil............. 8810 8824 


The determination of the heat of combustion is of no value from an 
analytical standpoint. 

Absorption of Ozone.—Fenaroli (Gazetta, 1906, 36, [2], 292) 
has. determined the ozone absorption of linseed oil (by the method 
of Molman and Soncini, Ber., 1906, 39, 2735). A sample of oil 
having an iodine value of 176.8 gave values of 33.4 and 34.6 for 
ozone, as compared with 33.5 calculated from the iodine value. He 
has also shown that the unsaturated fatty acids take up ozone exactly 
as required by theory. 


Detection of Adulterants in Linseed Oil. 


Linseed oil is liable to be adulterated in a variety of ways. The 
particular adulterant used is largely dependent on the prevailing 
prices of linseed oil and the adulterants. The likely adulterants 
are hydrocarbons, cottonseed oil (when cheaper), nigerseed oil, tung 
oil, fish oil; hemp-seed oil, rosin and rosin oil, rape oil, ravison 
oil, safflower oil, and candle nut oil. 


1 Compt. rend., 1890, 110, 1273. 
2 J. Amer. Chem. Soc., 1901, 23, 164. 
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During the year 1909 the imports of Soya bean to England became 
considerable in quantity, over 400,000 tons being received. This has 
been crushed in quantity for the first time in England, and in view of 
the prevailing difference in the prices of Soya bean oil and linseed oil 
the adulteration of the latter by the former is not improbable and such 
adulteration must be sought for. The drying qualities of linseed oil 
would of course be impaired by such adulteration. 

The following qualitative tests may be applied for the indication 
of adulterants, though their absolute reliablity cannot be vouched 
for. A quantitative examination is always advised. 

Fish oils may often be detected by odour. The delicacy of this test is 
increased by rubbing the warm oil on the hands, and, according to 
Brannt, 0.01% of fish oil can be detected by this means. Fish oil 
adulteration can also be recognised by a peculiar scum which rises 
to the surface when such oils are boiled. Bearn blows steam through 
the warm oil and states that 2% of fish oil can be recognised by the 
fishy smell of ithe issuing steam. 

The sulphuric acid colour test is a useful indication of the purity 
of linseed oil. With a genuine sample, a dark brown clot is formed; 
if rosin oil or fish oil be present, a reddish-brown spot quickly forms, 
which, in the former case, retains its red tint for a long time, while a 
peculiar scum forms over it. This test is also applicable to the detec- 
tion of rosin oil in boiled linseed oil. 

Fish oils may also be detected by the darkening produced by passing 
a rapid stream of chlorine through the oil or by the reddish colour 
produced by boiling the oil with alcoholic sodium hydroxide. Asa 
test for cod oil, which is not unfrequently used in the case of liaseed 
oil intended for the preparation of printing ink, A. Morell recommends 
the following test: 10 grm.’of the oil are well agitated with 3 grm. 
of nitric acid, and the whole left to stand. With pure linseed 
oil the colour changes during the stirring to sea-green, afterward 
becoming dirty greenish-yellow, while the acid assumes a light yellow 
colour. In presence of 5% of cod oil, after standing some time, 
the oil is said to acquire a dark brown colour, and the acid is tinged 
orange or dark yellow, according to the proportion of the adulterant 
present. A similar test has been described by Conrath for the 
detection of rosin oil. 

Japan wood oil is distinguished by the very hard black clot it gives 
with sulphuric acid, and by yielding a highly coloured semi-solid 
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product with the Elaidin test. If heated for a short time to about 300°, 
the oil becomes a transparent jelly, the change occurring either at once 
or on cooling. 

Cottonseed can be detected by the Halphen colour reaction (see page 
135). Rosin (colophony) can be detected by the Liebermann-Storch 
reaction. If the sample is very dark, Lewkowitsch recommends the 
extraction of the colophony with alcohol and the testing of this extract. 

Lippert! is of opinion that the Liebermann-Storch reaction is not 
conclusive enough, but certainly ought not to be omitted in a qualita- 
tive examination. 

The following statement shows how the different constants are 
affected by various adulterants, and will be of value in the examination 
of a suspected oil. 


Effect of Adulteration on Characteristics of Linseed Oil. 


Sp. Gr.—Mineral and foreign seed oils are lighter, while rosin and 
rosin oils are heavier; thus, by a judicious mixture of each class of 
adulterant, extensive adulteration can be effected without alteration of 
the sp. gr. A mixture of mineral and rosin oil may be used, 
rosin itself being sometimes also added. The mineral oil is usually of 
low sp. gr. (0.865—0.880) as the heavier oils are too greasy. The rosin 
oil employed for adulterating linseed oil is free from smell even when 
heated, but has a peculiar taste which is not masked by the linseed oil. 
Tung oil may be added as its sp. gr. is higher than that of linseed oil; 
it would, however, be detected by the bromide test. 

Film Test.—By means of this test non-drying oils can be detected 
if present in sufficient quantity, the extent of drying varying with the 
extent of adulteration. Rosin oil causes linseed oil to remain ‘“‘tacky”’ 
and prevents its ever becoming hard. 

If the hydrocarbons are volatile, they may be removed by distillation 
in steam. 

Solidification-point.—The solidifying point of pure linseed oil is 
given on page 70, and samples containing other seed oils solidify at a 
higher temperature. The same remark applies to the relative fusi- 
bility of the fatty acids, those prepared from cottonseed oil having an 
exceptionally high m. p. 


1 Chem. Rev. Fett-Harz-Ind., 1905, 12, 4. 
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Maumené and Bromine Thermal Values.—The values obtained 
for linseed oil are not characteristic enough to be relied on as definite 
indications of adulteration, because some fish oils have both high iodine 
and thermal values. 

Refractometer Reading.—By this means rosin and rosin oil and 
mineral oils may be detected. 

Saponification Value.—Low saponification values may be due to 
adulteration by mineral oils, rosin oil, or turpentine. Rape oil is in- 
dicated by a low value. The small proportion usually present (by 
contamination in seed) is not detected. 

Unsaponifiable Matter.—Adulteration by mineral oil and rosin 
oil will be detected by this estimation. Volatile hydrocarbons, such as 
benzene, turpentine, though unsaponifiable, will not be determined 
as such. 

Iodine Value.—Lewkowitsch considers that if the iodine value of a 
linseed oil is below 170 it can be justly presumed that adulteration has 
taken place, either in the seed itself before the oil was expressed or in 
the oil, but insists on the recognition of the fact that a low iodine value 
is (under certain circumstances) quite consistent with purity. See 
paragraph on Iodine Value. A high iodine value is not in itself a proof 
of the purity, since fish oils, rosin oils, and even drying oils may be pres- 
ent in considerable quantities, and yet give figures quite within the 
range of ordinary practice. The tendency of foreign seed oils is to 
reduce the iodine value, while fish oils may scarcely have any effect 
at all. (See Thomson and Dunlop’s figures in section on Jodine 
Values.) The phytosteryl acetate test is reliable for ‘the detection of 
fish (liver) or blubber oils. 

Bromine Values.—Turpentine will cause a sample of linseed oil to 
give high figures, while rosin and rosin oil will be indicated by a low 
bromine absorption and addition value, and a high bromine substitu- 
tion value. 

Insoluble Bromide Test.—This test is of great value in the de- 
tection of adulteration, as will be appreciated by an examination of the 
table given on page 355, where it is evident that many of the adulterants 
yield no insoluble bromides, or in any case much smaller quantities 
than pure linseed oil. The behaviour of insoluble bromides on heat- 
ing is of importance. Fish oils which give high yields of insoluble 
bromides can be distinguished from linseed oil by their different be- 
haviour on heating. The insoluble linolenic hexabromides from 
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linseed oil melt definitely without decomposition at 175 to 180°, while 
the octobromides from fish (liver) or blubber oil become dark and de- 
compose before melting at 200°. According to Lewkowitsch, it is 
possible to detect 10% of fish oil in linseed oil by such test. 

Free Fatty Acids.—Rosin will cause a high figure, as also will 
mineral acids not properly washed out after refining. According to 
Lewkowitsch, linseed oil stock is frequently met with for soap-making 
and this contains much free fatty acid. 

The amount of rosin can be estimated by titrating the oil with 
alkali, using phenolphthalein as indicator. Allowance must be made 
for the free acids usually present in linseed, and this seldom exceeds 
3%. Tf linseed oil soap stock is to be examined, the rosin must be 
determined by Twitchell’s method. 

The report of the sub-committee on linseed oil of the American 
Society for Testing of Materials appointed by the Committee on the 
Preservative Coating of Iron and Steel fix the following specification 
for linseed oil during the year 1910. (From Oil and Col. Jour., 


1909, 36.) 


Raw linseed oil Max. Min. 
SPeGE At S > acgete poyernis spe ete doe neeiaydeete mics ere ee 0.836 0.932 
iene Che Mie iNn Oia. AmaG Oia a Po htdOxn thes out. ome OOO 0.931 0.927 
J Nore lahbhnallojesa eA On lemon Coe a Clo meres Oo) Oe GAO Mia Nlict, spre cme erica 
SAPOMUCA MOM VAC: crate ites leer atelier eel: 192 189 
Unsaponitiable matters. occ.) aeyrrmrem ies sere ESF te alistisbiae ete 
Reiractivedndexat 25 Oe. lee rte ees el tote | 1.4805 1.4790 
ELATMUS TOCIMeRVaIUC castes shinies ake ina ias tel s = Igo 178 


Drying of Linseed Oil. 


Linseed oil is the most important of the class of drying oils. Its 
applications in the arts, as in the manufacture of paint, varnish, oil- 
cloth, and printing ink, are all based on its drying properties. In con- 
sequence of its tendency to combine with oxygen, it evolves much 
heat when exposed to the air in a finely divided condition, sometimes 
sufficient to cause the inflammation of cotton-waste or similar material 


saturated with the oil. 
According to Livache,' the property of absorbing oxygen and becom- 


Compt. Rend., 1895, (120,) 842. 
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ing converted into a tough or hard varnish is shared by all fatty oils of 
vegetable or animal origin. The transformation may be very slow, 
but it ultimately takes place. This tendency is much enhanced by 
heating the oil while passing a current of air through or over it (see 
“Boiled Oil”). By continued boiling the oil becomes very thick, and 
may be drawn out into elastic threads, which are very sticky but do 
not produce a greasy stain on paper. This product is used in the 
manufacture of printing ink. The drying of linseed oil is facilitated 
by the use of siccatives. 

When spread in a film, linseed oil dries to a substance known as 
linoxyn. Linoxyn is a neutral substance insoluble in ether or ordinary 
solvents. The constitution of linoxyn has not yet been ascertained, 
and it was formerly considered to be the final oxidation product 
of linseed oil. Reid,* however, has shown that on long exposure, from 
2 to 5 years, depending on various conditions, it is transformed, first 
into a semi-fluid, and finally into a viscous fluid, which he terms “‘su- 
peroxidised linseed oil.’””, The product is much darker in colour than 
ordinary linseed oil, is heavier than water, almost completely soluble 
in alcohol, soluble to a considerable extent in water, and strongly 
acid, forming solid compounds with most basic pigments. All drying 
oils yield linoxyn, the amount varying with the amount of linolenic or 
linoleic acid present. Lewkowitsch has proved that if linseed oil is 
kept protected from light, moisture, and air, it keeps indefinitely. 

The chemical changes which occur in the boiling and drying of 
linseed oil are very imperfectly understood. According to Mulder, 
part of the linolin is decomposed during the boiling, with formation of 
linoleic anhydride, or a more highly oxidised body, such as hydroxy- 
linoleic acid. According to Fox, the oxidation products are formed 
from the acids and the glycerol is decomposed into acids of the acrylic 
series, forming the irritating vapours which always accompany oil-boil- 
ing. Acetic and formic acids are prominent constituents of these 
vapours, and carbon dioxide and water are also present. The state- 
ments of Mulder and Fox are probably too sweeping. Allen isolated 
8.8% of nearly pure glycerol from the products of the saponification 
of linseed oil which had been boiled by the steam process. Bauer 
and Hazura consider Mulder’s explanation of the drying of linseed 


oil to be only partially correct. They investigated the subject and 
arrived at the following conclusions: 


1 J. Soc. Chem. Ind., 1894, 13, 1020. 
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1. The more linolenic acid an oil contains, the more rapidly it 
dries. 

Note.—It appears likely that the linolenic acids are the first 
attacked on drying and that linoleic acid plays a subordinate part, 
otherwise maize and cottonseed oils would have better drying 
properties. 

2. The products of oxidation are not merely additive compounds, 
but contain part of their oxygen as hydroxyl groups. This is in 
conformity with the behaviour of unsaturated compounds in general. 
The oxidation of the salts is similar to that of the acids themselves. 

3. By prolonged exposure to air at ordinary temperatures, or by 
shorter exposure at about 80°, the fatty acids are oxidised with. 
formation of a resinous sticky solid, insoluble in ether, but reconverted 
into acids soluble in ether or heating with alkali. 

4. The drying properties of oils depend upon the presence of linoleic, 
linolenic, and isolinolenic acids, as oleic acid forms no solid oxidation 
products. During the drying of linseed oil, only the glyceryl of the 
non-drying esters is oxidised, as is shown by the very small quantities 
of carbonic, formic, and acetic acids formed by passing pure air through 
pumice soaked in linseed oil. The samples of linseed oil which were 
still in the first stage of oxidation, as shown by their being still soluble 
in ether, contained 8.9 and 12.1% of free acid. The substance insol- 
uble in ether, called by Mulder linoxyn, produced by the oxidation of 
linseed oil, is an ester termed hydroxylinolin. The drying properties 
of an oil appear to be in direct ratio to the proportion of the glycerides 
of linolenic and linoleic acids present. 

The change of composition undergone by too grm. of linseed and 
poppy oils by exposure to air during 18 months was found by Cléez to 
be as follows: 


Linseed oil Poppy oil 


) 


Cc H O c H O 


Composition of original oil..| 77.57 | 11.33 | IzZ.10 | 77.50 | I1.40 | 11.10 
Composition after 18 months.| 72.27 | 10.57 24.16 | 71.38 | 10.64 25.08 


Diterencer rnin. does —5.30 |—0:76 |+13.06 |—6.12 |—0.76 |+13.98 
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The quantity of oxygen absorbed was greater than that given off 
in the form of carbon dioxide and water, and the oil finally showed a 
considerable increase in weight. 

Williamst gives the following table showing the change taking 
place in the elementary composition of linseed oil on boiling. 


| I 2 | 3 | 4 | 5 | 6 | Ud | 8 | 9 | 5 de) 
C 75.03| 75-40| 74.66] 74.32| 67.74] 69.52 64.74| 65.40| 68.64] 64.35 
H 10.78] 10.64] 10.38) 10.04) 9.57| 9-49] 9.01 9.00] 9.24] 9.02 
O I4.19| 13.96| 14.96] 15.64] 20.69] 20.99] 26.25] 25.60| 22.12 26.61 
} } 


Nos. x and 2, raw linseed oil; No. 3, moderately stout boiled 
oil; Nos. 4 to 10, solid oil, as used in manufacture of linoleum; No. 4, 
No. 5, Nos. 6 to 9, and No. 10, made by different processes. 

According to Reid,? an increase in weight of 10% is observed in 
linoleum manufacture. This does not represent the actual gain in 
weight, as there is loss of volatile acids, carbon dioxide, etc. ‘Tochs 
states that he obtained 19% oxygen absorption and that the quantity 
of carbon dioxide obtained never exceeded 0.8%. 

Sabin4 records results of experiments on the oxidation of linseed oil, 
in which it was found that air drawn through a series of flasks wetted 
with linseed oil dried the oil as follows: after a day or two the oil 
in the first flask began to bleach, and in due course dried, as was shown 
by the formation of a film of linoxyn, and then dried still further as 
indicated by the shrivelling and wrinkling of the film. During the 
whole of this time (about 10 days) the oil in the other flasks was not 
acted on. Then the oil in the second flask bleached and dried, then 
the third and so on. In 2 months, the whole series was dry. The 
removal of ozone from the air is suggested as an explanation of these 
results. . 

Shearman and Falk’ have investigated the effect of atmospheric 
oxidation on the constants of linseed oil. 


1 Analyst, 1898, 23, 253. 

2 J. Soc. Chem. Ind., 1898, 17, 75. 

3Toch. Chem. and Technology of Mixed Paints and Pigments, 1907. 
4 J. Soc. Chem. Ind., 1906, 25, 578. 

5 J. Amer. Chem. Soc., 1903, 25, 711. 
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Foeeh Winsted oil Exposed | Exposed till semi- 
8 months solid 
S85, ee, BNI Ao geo ae 0.934 ©3000 meme elie tees ae Rae 
Ve nb WME Boa aee aioe 178.0 L204 Wa pl este tat ree ates 
Maumené figure (Mitchell) 31%,3° 132 Oe MUMMERS nese tencoe etods ys 
Free,acid asjoleic.;........ 33 A SAS te aan Siete a. a ohh 
Reichert-Meissl number. . 0.49 DY oye te "eLearn 
(OO 8a. olor Seas a aia ae 75.46 72.23 69 .03 
1B AO ae ois orca can EE I0.92 10.46 10.06 
OT /jelepricatare Voice ers a forsee 13.62 16.31 20.91 
Ration Cullaerir. ctor ea: I.0:0.145 I.0+0.143 I.0+0.146 


They state that the changes are less influenced by the sunlight than 
has formerly been supposed, and from further research the authors 
conclude that, in the case of non- and semi-drying oils, the iodine value of 
the original sample can be calculated from the sp. gr., or from the 
average figures for the kind of oil. With linseed oil this does not ap- 
pear possible. 

Effect of Driers.—The addition of driers during the boiling of lin- 
seed oil produces a product which dries more readily than raw oil. 
The part played by the drier in the boiling process was formerly con- 
sidered to be that of a catalyst or oxygen carrier. Fahrion has, how- 
ever, shown that when boiled oil dries some of the fatty acids are con- 
verted into oxidised acids. These oxidised acids are produced only to 
a very slight extent in the boiling of linseed oil, while Lewkowitsch has 
shown that polymerisation takes place during boiling. In view of the 
latest evidence, it must be considered that linseed oil on heating un- 
dergoes but very slight changes in its chemical composition. The 
addition of ‘‘driers”? appears to result in the formation and solution 
of a metal salt of the fatty acids, which salts act as oxygen carriers, 
and thereby facilitate drying when the oil is exposed. Turpentine 
which is usually added to paints acts as an oxygen or ozone carrier 
and therefore assists drying. 

Lippert,t Weger,? and Amsel3 have studied the effect of various ex- 
ternal influences on the drying of oils containing siccatives, and the 
reader is referred to their original papers for details. 

Fokin4 has studied the effect of a number of different substances on 


1 Zettsch. angew. Chemie, 1905 et ante. 

2 Tbid., 1897 et ante. 

3 Tbid., 1897 et ante. f 

4 Chem. Zentr., 1907, 2, 1365, and Zeiisch. angew. Chem., 1909, 22, 1451. 
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the oxidation of vegetable drying oils and has shown that the velocity of 
oxidation can be expressed mathematically. 

It is of interest to note that the efficiency of a drier frequently de- 
creases after a certain quantity has been added. 

Influence of Light on Drying.—According to Cléez, the maximum 
amount of oxidation takes place with colourless glass, but with blue, 
red, green, or yellow, a longer time is required the nearer the colour 
approaches the yellow. 

A. Genthe? has studied the effect of light on the process of drying, 
and has shown that: 

1. Little or no oxidation takes place when flasks of brown glass are 
used and that the presence or absence of light greatly influences the 
rate of absorption of oxygen. 

2. The full rate of absorption does not develop immediately. There 
is an induction period of about 2 hours, after which the absorption rate 
increases. 

3. Using a “‘ Uviol” lamp and vessels of “‘ Uviol”’ glass, the same de- 
gree of oxidation was obtained in 1 day as required in parallel ex- 
periments 8 to 1o days in daylight and 50 days in dark. 

4. The addition of siccatives caused no acceleration in the ‘‘ Uviol”’ 
experiments. 

5. Using resinates, oleates, and linoleates as siccatives the accelera- 
tion was 10 to 15% better in the case of the linoleates than the other two. 

6. Violet rays apparently have the best drying effect. 

7. That linseed oil first forms a primary catalyser and then acts as 
an accepter, and siccatives are to be regarded as pseudocatalysers, 
which have only a stimulative effect upon the formation of the primary 
auto-catalyser. This latter has not been isolated. 

8. The results can be expressed by Ostwald’s equation for auto- 
catalysis. The amounts of oxygen absorbed by linseed oil in drying 
in the dark average 23% at ordinary temperatures, and 26.5% at 
95°, while the amounts absorbed on exposure to Uviol light were 25.8% 
and 34.7%, respectively. The volatile products formed in the drying 
process are equal to 15% of the weight of oil. 

The effect of light on the rate of drying of linseed oil is of technical 
importance, as also is the effect of different coloured rays on the colour 
of the dried film; especially is this the case when the oil is mixed with 
white lead. The writer is at present investigating the latter point. 


1 Zeitsch. angew. Chem., 1906., 19, 2087. 
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This question was brought to his notice by the yellowing of white-lead 
painting which had dried in a room lighted only from a green-glass 
dome. The paint became yellowish after drying. Trial showed that 
the white colour of the paint was restored by exposure to sunlight. 
Petit states that white lead and linseed oil dried in the dark assumes a 
yellowish tint, while white lead and poppy oil do not behave in this 
manner. ‘The writer has confirmed Petit’s observation on linseed oil, 
but has invariably found that the yellow colour is removed by 
exposure to light; in fact, the change is reversible and appears to go 
on indefinitely. 

Influence of Temperature.—Chevreul has shown that linseed oil 
dries more rapidly at 25°-28° than at 15°-18°. 

Mitarewski‘ states that when oil is stored the temperature influences 
the degree of oxidation, and this is accelerated by storage at 70°. 
Exposure to light for 26 days had no effect. 

Influence of Storage.—Fahrion considers that in oil which is kept 
the unsaturated acids polymerise, and that these complex bodies ab- 
sorb oxygen rapidly. Chevreul has, however, found that short boiling 
yields a better drying oil than one which has been boiled for a longer 
period. It has been shown that polymerisation does not occur as sug- 
gested by Fahrion. 

Relationship between Drying Properties and Iodine Values.— 
The iodine absorption of an oil stands in close relationship to the 
oxygen absorption, and consequently is indicative of the drying power. 
This relationship is clearly shown in paragraph on Ozone Absorption, 
better agreement being obtained than with oxygen values. 

Fish and liver oils although having high iodine values do not dry 
like linseed oil and therefore the iodine value cannot be accepted as 
an absolute indication of drying power. 


Characteristics of Linseed Oil. 


Sy Pao orc clone oo eto a. Ske ap ae ae ©.931-0.937 at 15° 

Solidification-poutesseseee = v1 ae = 2 — 27°, stearine deposits at — 25° 
oi Sb Sed Cocnivie hatred ike eo eet carne =—TOMtOn—1 20° 

TRNAS OMA omg oo a yea Mee Di OS Rea Cae aoa 450—-500° F. (close), 258° open 

ING NEM Sait ial ORE a Sg Cae Net REN ERT from traces to 0.2% (limit) 

Hreetlattysacidsier weemeetageris. ot cst, Giese): 0.5%—4% 

Unsaponifiable matter..........-........<:-, upto 2.0%, average 1.5% 

Saponii camo valle mire atelier 183-221 mgrm. KOH, average 

1g2 


1 J. Soc. Chem. Ind., (abstract), 1906, 25, 818. 
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Reichert-Meissli values an >< slows oom 0.50 
Mocimepival ewan tas cieys cha crttn thea eee erates i= 175-190, sometimes higher 
(absorbedian.ccernrsc tire IO5—I15 
Bromine values AC CIOL ween ure es rere: IOO-IIO 
} SUDSELULOM eee iviee tae less than 7 
Mnsolubler bromides eset crt testa cre t= 23-37%, average 25 
Miammencetesta ence tetime. sae aes ahi octet OOREAS 
Bromimertierimal) value e ei eters = a ele tee 29.8-33 


ivefractive andexec or criteria rae steel senits 1.4800-1.4825 at 15° 


@pticalgrotation!.cere eter eae Practically nil. 
@Oleoretractometert ache fh ciisiels oer +48 to +54 “degrees” 
JEMOI Maou Ns A c.an on Olbc Oen OD dude toro obi 84-90’ at 20° 

Wiscosltyanicmert. Soke cittoetiey Moreno ite 211.7, second at 70° F. 


For characteristic constants of various varieties of seed, see works 
of Lewkowitsch, Wright and Mitchell, Benedikt and Ulzer, and other 
standard works; also Wijs, loc. cit.; Gill and Lamb, Analyst, 1900, 24, 
97; Thomson and Dunlop, Analyst, 1906, 31, 281; P. Mcllhiney, 
loc. cit. 


Linseed Oil Fatty Acids. 


SP er retee deren tusk ein at 15 .0° 0.9158 Bearn. 
at 15.5° O.9233) Allen. 
at 99° 
water at 15.5°=1 0.8612 Allen. 
at 100° 
water at rooo—1 f° .8925 Archbutt. 
SOlidityin ce point seen). eevee Leta ty] Als . Various. 
peach oe } “Titer Test”? | Lewkowitsch. 
IME SIDA Crags cbc tevedentic er ruse tornee 24° Allen. 
20-210 De Negri and 
Fabris. 
17° V. Hiibl. 
Under 13° Dieterich. 
Insoluble fatty acids +unsaponifiable matter =95% 
Neutralisation value, mg. KOH 196-201 Various. 
Mean molecular weight....... 283 Williams, 
Hodmnemvalucceseeriae nace 170-200 Various. 
ANCetylgavial Ueweem ciety acne ce 8.5 Benedikt and 


Refractive index......... I.4546 at 60° 


Linoleic Acid. 


Ulzer. 
Thoerner. 


Linoleic acid was isolated by Schiiler in the following manner: 
Linseed oil was saponified with solution of sodium hydroxide, and the 
soap purified by repeatedly salting out. The aqueous solution of the 
soap was then precipitated by calcium chloride. From the well-washed 
precipitate the calcium linoleate was dissolved out by ether. The 
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ethereal solution was decomposed by agitation with cold hydrochloric 
acid, the ethereal layer separated and distilled at as low a temperature 
as possible in a current of hydrogen. The residual acid had a dark- 
yellow colour, and was further purified by dissolving it in alcohol, 
saturating the solution with ammonia, and then precipitating with 
barium chloride. The barium linoleate thus obtained was washed, 
pressed, and repeatedly recrystallised from ether, and then converted 
into the acid by a treatment corresponding to that described for the 
calcium salt. The acid was dried in a vacuum over sulphuric acid 
and a mixture of ferrous sulphate and lime. 

Reformatzky* claimed to have isolated the pure acid by the hy- 
drolysis of pure ethyl linoleate, but this appears doubtful in view of 
the work of Hazura. It is probable that the substance prepared was a 
mixture of the unsaturated acids of linseed oil. 

Linoleic acid is a thin oily liquid, of faint yellow colour. It remains 
liquid at —18°, and at 14° has a density of 0.9206. Itis said to possess 
a faintly acid indication, and to have a taste which is at first pleasant 
and afterward harsh. Linoleic acid does not form a solid product on 
treatment with nitrous acid. With nitric acid it swells up considerably 
and yields suberic acid, CsH,,0,, a little oxalic acid, and a greasy resin. 

Oxidation by potassium permanganate in the cold yields tetra- 
hydroxy stearic acid. Linoleic acid dissolves readily in concentrated 
sulphuric acid, and in ether and alcohol. 

On exposure to air linoleic acid absorbs oxygen, becoming thick and . 
ultimately so viscid as scarcely to flow, but remains unchanged in colour. 
When spread in a thin layer on wood and exposed to the air, linoleic acid 
forms a varnish, but on glass only becomes tough. ‘The product is 
said to have the composition of a hydrate of hydroxylinoleic acid, 
C,6H,60;+H,O. When heated to 100°, this gives off 6.7% of water 
and becomes blood-red. By prolonged contact with air, and more 
quickly if frequently moistened with ether, colourless hydroxylinoleic 
acid loses its viscid consistence, and is converted into linoxyn. 

Linoleic acid forms a tetrabromide the melting-point of which is 
stated to be 113-115°. Unlike linolenic acid, a hexabromide is not 
formed on treating with excess of bromine, though at an increased 
temperature 22% is converted into a higher bromide soluble in pe- 
troleum ether. Bedford? is of the opinion that two linoleic acids ex- 


1 J. Soc. Chem. Ind., 1890, 9, 744. 
2Inaugural Dissert., Halle a/S., 1906. Erdmann and Bedford, Ber., 1909, 42, 1324. 
Bedford and Rispe, ibzd., 1334. 
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ist which differ in yielding a solid and a liquid bromo-derivative. The 
solid tetrabromide is soluble in ether, alcohol, benzene, chloroform, 
and glacial acetic acid, but only sparingly soluble in petroleum ether. 
On reduction by zinc and alcoholic hydrochloric acid it yields linoleic 
acid. 

Linoleates.—The salts of linoleic acid are difficult to obtain pure. 
They are white, amorphous (except in the case of the zinc salt), bodies 
which become coloured on exposure to air, and are soluble in alcohol 
and ether. Potassium and sodium linolates containing an excess of 
alkali absorb oxygen rapidly and become yellow and dry when exposed 
in a finely divided state to the air, dissolve in water with dark 
brownish-red colour, and give, on addition of hydrochloric acid, a 
brown greasy resin. The ethereal solution of lead linoleate, when 
evaporated on a glass plate, leaves a white amorphous residue of lead 
hydroxylinoleate. The acid separated from this salt by hydrogen sul- 
phide and dissolved in alcohol remains on evaporation as a nearly 
colourless viscid mass, which becomes blood-red without change of 
composition when heated to roo° or treated with acids or alkalies. 
The colourless alcoholic solution of hydroxylinoleic acid is not 
altered by alkali carbonates at the boiling heat, but caustic alkalies 
turn it red even at ordinary temperatures. 


Linolenic Acid. 


Linolenic acid has been prepared by reduction of its hexabromide 
obtained from linseed oil. 

The acid is a nearly colourless oil having a sp. gr. at 15.5° of 
0.9228." Linolenic acid rapidly absorbs oxygen on exposure to the 
air, becoming brown in colour. The hexabromide melts at 
170 =TOL. 

Bedford (loc. cit.) is of the opinion that two isomerides of linolenic 
acid exist, one which yields a solid hexabromide, melting at 179° 
180°, the other a liquid tetrabromide. The existence of isolinolenic 
acid is debatable, its existence as a glyceride has been suggested by 
Hazura, but Bedford considers that the liquid tetrabromide of lino- 
lenic acid has been mistaken by Hazura for the soluble isolinolenic 
hexabromide. 


1Hehner and Mitchell, Analyst., 1898, 23, 313. 
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Miscellaneous Notes. 


Linseed oil has the property of dissolving sulphur, and at 77° F. 
dissolves 0.630%; at 320° F. 9.129%. On cooling the solutions, sul- 
phur is deposited slowly. 

The official Balsamum sulphuris is prepared by boiling linseed oil 
with 0.25% of sulphur. A dark viscous mass is obtained. 

The absorption of phosphorus by linseed oil has been investigated 
by Katz. 

Nitrous acid does not give a solid elaidin with linseed oil. 

Nitric acid interacts with linseed oil—the rate depending on the 
strength of acid employed. A moderately strong acid converts linseed 
oil into a viscid mass insoluble in petroleum ether, while fuming nitric 
acid inflames it. For method of detection of linseed oil in walnut 
oil, see Halphen, Bull. Soc. Chem., [6], 1905, 33) 571. 


BOILED LINSEED OIL. 


When linseed oil is heated, its drying properties are considerably 
increased if, during the heating, certain substances known as ‘‘driers”’ 
are present. 

The earliest process consisted in heating the oil by fire in a boiler 
to a temperature of 210 to 260° in the presence of driers. This process 
has been almost entirely superseded by newer processes, which have 
the merit of yielding products paler in colour and requiring a lower 
temperature for their application. Among these processes may be 
mentioned that of heating the oil to about 150°, in a steam-jacketed, 
agitated vessel, whilst in some cases air is blown through. In the 
Hartley-Blenkinsop process a still lower temperature is employed 
(120°) by using a soluble drier (manganese linoleate). 

According to various writers, it is a somewhat common practice to 
add soluble driers to unboiled linseed oil, and to sell the mixture as 
“boiled oil,” which is known in the trade as ‘‘bung oil.” Such oil 
has exactly the same constants as unboiled oil, but does not dry so well 
as oil which has been boiled. Among painters and others using 
boiled oil there is considerable doubt frequently expressed as to 
whether oils made by the newer processes are as good as those pro- 
duced when only lead driers were used in the boiling. Boiling increases 
the sp. gr. and viscosity of linseed oil, the extent of each increase being 
dependent on the extent of boiling and method used. Fire boiling is 
said to produce the most viscid product. 

Vol. II.—23 
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The colour of boiled oil varies according to the method and time 
of manufacture, and also the original colour of the oil used. It is a 
common practice among oil refiners to use their dark oil for boiling pur- 
poses. Boiled oil is of a darker colour than raw oil, and is of a red- 
dish-brown shade. Lead driers are said to produce a dark coloured oil. 

Boiled oil can be distinguished from unboiled by the presence of 
a metallic residue (due to driers) when ignited, and also by following 
characteristics. 

Sp. Gr.—o.932-0.945; according to Mcllhiney, the sp. gr. may be 
as high as 0.950, but is seldom over 0.940. 

Iodine Value.—Williams gives the following table showing the 
decrease in the iodine value which takes place on boiling. 

Thin Thin Stout Very stout 

Iodine value, Dis 112.4 65.6 59-9 

The above figures are probably too high, as the Hiibl solution was 
allowed to act for 18 to 20 hours. See section on Drying of Linseed for 
changes in ultimate composition which take place on boiling. 

Lewkowitsch has shown that it is necessary to remove the metal 
from a boiled oil by treatment with mineral acids before determining 
the iodine value, otherwise the value obtained will be too high. 

Mcllhineyt has modified his process for the estimation of bromine 
absorption in the case of boiled oil and linseed oil in presence of driers. 
(See original paper.) 

The nature of the driers added to linseed oil can be generally 
inferred from an examination of the ash left on burning a quantity of 
the sample, a little at a time, in a porcelain dish. The residue should 
be specially tested for lead, copper, zinc, iron, manganese, and borates. 
Sulphates, acetates, borates and other salts may be detected by 
agitating the original oil with a solution of sodium carbonate, sepa- 
rating the aqueous portion, and examining the solution in the usual way, 
or by boiling 25. grm. of the sample with dilute hydrochloric acid for 
half an hour with constant stirring, allowing to separate into 2 layers, 
and syphoning off the acid layer, and testing by ordinary methods for 
metals (lead, manganese) and acids (boric, oxalic, etc.). 

M. Kitt (Chem. Rev. Fett-Harz-Ind., 1901, 8, (3) 40) gives the 
following table, showing the alterations taking place on boiling 
linseed oil. The numbers (from o to 6) represent the different stages 


from thin oil to the consistency of india rubber. 
1 J. Amer. Chem. Soc., 1902, (24), (xz), 1109. 
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Acid Saponifica- : Iodine value | Acetyl acid Acetyl sapon- 
No. value | tion value | Jodine value |¢¢ fatty acids value bien 
alue 
gi 
° 4.8 ae nes 2 158 £s3..5 178 
I 5.2 sake ae : 107.3 I91.3 201.7 
2 7.8 189.1 95.6 100.1 192.4 208.0 
3 9.5 186.6 83.6 88.1 188.2 206.2 
4 9.1 187.2 79.1 85.6 a Saxe: ui eee idptenetsio soc kle ose 
193-4 
5 Tr 7 187.2 76.2 81.9 at 213. 
6 18.8 192.3 i Stal MUMIA tis evel ress. ois hepsrdi| ons toreisxerarert oie 's 210.9 


Insoluble Bromides.—According to Lewkowitsch,' the best test for 
the detection of raw linseed oils in boiled oils prepared at an ele- 
vated temperature is the hexabromide test. 

Oils heated to a high temperature undergo polymerisation and give 
decreased yields of hexabromides. The yield of hexabromide rapidly 
decreases as the temperature used for the preparation of the oil is 
increased. The following table by Lewkowitsch bears out the above 
statements. Figures are also given showing the effect of ozonisation 
of linseed oil. In this case the treatment was carried out at a 
temperature below that at which polymerisation takes place, hence 
the yield of hexabromides and the iodine value are little altered from 
that of the original sample. 


Name Sp. gr. | Iodine value eee renee fo 
Linseed oil—raw............... 0.9308 186.4 24.17 
Pale boiled linseed........... 0.9429 ay fel 20.97 
Dyes Heeoe oe oe eto Gaeie Stee 0.9449 169.96 I3 .03 
©) ZOMISed eee pretties erento as «1672 0.9310 180.1 36.26-36.34 
Ozonised skate wtineswe toner: 0.9388 I7L.2 25-73 
OZOMISEM rer eencins-tiees.<fecae + 0.9483 169.7 30.19 
Safflower oil—raw 
Double boiled safflower....... 0.9266 146.46 traces 
Et ee rtaaio 5 0) Gem cn CUD noe 0.9360 Dis 7) ai ime rteder cpsested! wera 
IES & Sderot 5 tec.cne Oe oE 0.9361 sreyoyas etl OAS Ae Aas at 
Double sp cecctp ees bei. = 0.9447 ieP ise! WE | ecateeatae 
IBYoyHloll os cancer AceO On ee Aes 0.9503 141.8 none 
127.3 


Unsaponifiable Matter.—There is no appreciable increase in the 
unsaponifiable matter on Hapa See paragraph on unsaponifiable 
matter in linseed oil. 

Drying.—The rate of drying of boiled oil is important, and it must 


1 Analyst, 1904, 29, 2. 
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be again pointed out that in order to obtain figures of any value, great 
care must be taken to obtain exactly similar conditions during com- 
parative trials. See section on Drying of Linseed Oil. 

The United States Navy Department Specification, 1905, demands 
that boiled linseed oil must be pure kettle-boiled oil, free from rosin. 
A film left after flowing the oil over glass and allowing to drain in a 
vertical position for r2 hours, must be dry, free from tackiness in 12 
hours at a temperature of 70° F. 

For the rules of testing boiled linseed oil issued by the Russian 
Minister of Marine, see J. Soc. Chem. Ind. (abstract), 1905, 24, 155. 

Uses.—Boiled oil on drying gives a somewhat hard film, which is 
liable to crack on exposure, and it is therefore the custom, in painting, 
to add a little raw oil in order to give a more elastic and durable coat. 
The detection of small quantities of raw linseed oil in boiled oil is there- 
fore of little or no importance. 

Adulteration.—Boiled oil is adulterated in the same manner as 
linseed oil (see paragraph on Adulteration), and adulteration is more 
frequent in the boiled variety. The usual adulterants are rosin, mineral 
and rosin oils, tung and fish or blubber oils. 

A large number of substitutes are marketed and they are usually 
compounded from the above. 

It must be pointed out that boiled oil containing liquid driers may 
legitimately contain a small proportion of turpentine. 

The following test is frequently recommended as a rapid method of 
detection of adulteration. Add water after saponification with alco- 
holic potassium hydroxide: if a strong turbidity is produced it indi- 
cates the presence of adulterants. This test has, however, been 
investigated by Lippert' who has proved it to be unreliable. 
Lippert? states that linseed oils boiled with lead or manganese oxides 
give only brown colourations with Storch-Morawski’s test, while 
red or blue colourations are obtained when rosinates, rosin, or fish 
oils are present. Maize oil gives similar reactions. 

Lithographic Varnishes.—If the temperature of heating of linseed 
oil be raised to 250 to 300°, the so-called lithographic varnish is obtained. 
The time of boiling determines the viscosity of the product. Driers 
are not used in the preparation of lithographic varnishes. Lewko- 
witsch has shown that the process taking place is one of polymerisation, 


1 Zettsch. angew. Chem., 1897, 655. 
2? Chem. Rev. Fett-Harz-Ind., 1905, 12, 4. 
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and states that oil prepared by blowing is not suitable for varnish 
manufacture. For further details ve varnishes, see Leeds, J. Soc. 
Chem. Ind., 1894, 13, 203, and Lewkowitsch, Chem. Technology of 
Oils and Fats, 1909. 


| Acid |Unsaponifi- | : 
| SPB *t | value lable matter) 4p. | Todine 
(oleic) % | 

Very thin stand oil........ 0.9452 aysitey || onsite 186.5 | 157 
“hing stand sollte 0.9465 4.43 Mophy | migshael al) eareray) 
Medium stand oil......... 0.9574 525 Oegne “letersi. sleaeral! 
Stout'stand oil; Wip72...0-08 0.9589 6.90 0.38 182.0 | 75.1 
Very stout stand oil........ | 09-9676 | 10,20 0.43 190.3 | 59.0 


The above figures for stand oils are an average of a large number 
of results on different batches, each batch being heated to 300° and 
fired, the time of heat varying according to the thickness of the litho- 
varnish required. (Bearn.) 

Differentiation between Boiled and Unboiled Linseed Oil.—In ad- 
dition to the previous tests described, the following must be mentioned: 

Finkener recommends the following test as being rapid and suitable 
for Customs House work, claiming that 25% of boiled oil can be 
detected. roo grm. cryst. lead acetate and 32 grm. of glycerol are 
dissolved in 150 c.c. of water; 5 c.c. of this solution are mixed with 
1 c.c. of 20% ammonia, this solution is added to 12 c.c. of the sample, 
the mixture shaken actively, and then heated to 100° for 3 minutes. 

If the sample is pure linseed oil, it will form two layers on standing, 
the lower one being clear, while if the sample contains boiled oil, it will 
set to a soft viscous mass. 

Evers,’ examined the test, and found that it holds good for oils 
boiled with driers, but oil prepared by merely boiling down to a certain 
volume while air is blown through) behaves like raw linseed oil. The 
test is therefore merely for the presence of driers. 

Evers recommends the following test of Morpurgo? who distin- 
guishes by saponifying the oil and dissolving the soap in water. The 
resulting clear solution is treated with common salt until no more soap 
separates out. If after filtration the filtrate is made strongly acid 
with acetic acid, a turbidity shows that the oil used was boiled, while 
if it remains clear, the oil was raw. 


1 Chem. Zeit., 1899, 23, 334. 
2 J. Soc. Chem. Ind., (abstract), 1897, 16, 470. 
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A very useful test to distinguish between raw and pale boiled oil is 
to shake the sample with ammonium sulphide when a dark colour- 
ation is obtained (Bearn). 

The analysis of a sample of boiled linseed oil, which, in addition to 

containing various mineral additions and free fatty acids, is also 
adulterated with rosin, rosin oil, and mineral oil, is a complex problem. 
The following plan is recommended: The substantial accuracy of 
the results has been established by Allen: 25 grm. of the sample 
should be shaken in a separator several times with dilute hydrochloric 
acid. The aqueous liquid, which may contain lead, zinc, manganese, 
borates, and other mineral additions, is separated from the oily layer, 
and the latter is washed by agitation with water till the washings no 
longer redden litmus. The oil is then treated with rectified spirit, and 
the free fatty and resin acids titrated with standard alkali and phenol- 
phthalein. The neutral point having been reached, the alcoholic 
layer is separated from the residual oil, which consists of neutral fatty 
oil and hydrocarbon oils of the original sample. These may. be 
separated in the usual manner. The alcoholic solution is then con- 
centrated, water added, and any globules of oil dissolved by agitating 
with petroleum spirit. After separation from the aqueous liquid, and 
evaporation of the solvent, the small residue of neutral oils may be 
weighed, and the amount found added to the main portion. The 
aqueous solution is then acidified with dilute hydrochloric or sul- 
phuric acid, when an oily layer is obtained, consisting of the free fatty 
and rosin acids of the original sample, together with such additional 
amount as may have been formed by the decomposition of metallic 
soaps in the first stage of the process. This is separated from the 
‘aqueous liquid, washed with a little water, and filtered through wet 
paper. On subsequently drying the filter in the water-oven, the fatty 
acids pass through, and can be collected in a small tared beaker, the 
portion remaining on the filter being dissolved in ether. After weigh- 
ing the fatty acids in the beaker, 1 grm. is treated by Twitchell’s proc- 
ess for the separation of fatty and rosin acids. The amount of rosin 
thus found, subtracted from the mixed fatty and resin acids, gives that 
of the fatty acids alone. By agitating the original sample with alcohol, 
separating the solution from the undissolved oil, and titrating the 
former with standard alkali, the sum of the fatty and rosin acids 
originally existing in the oil can be ascertained. 

Driers.—Among the siccatives formerly in use were litharge, 
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ferric oxide and manganese dioxide. These solid siccatives have been 
almost entirely replaced by soluble compounds. The latter possess 
the advantage that they may be incorporated with the oil at a 
lower temperature or even in the cold if the siccative has been pre- 
viously dissolved in turpentine. Compounds containing lead only are 
but little used, the ordinary preparations being manganese rosinate, 
lead and manganese rosinate, manganese linoleate, and lead and man- 
ganese linoleate (z. e., preparations obtained from the mixed linseed oil 
acids). Products obtained with other metals, such as copper and zinc, 
have been found to be useless. The rosinates are made either by 
melting together with rosin, usually colophony, with the metallic 
oxide, or by saponification of the rosin and precipitation from the 
aqueous solution of the soap by means of a salt of manganese or lead. 

To be effective the siccative should be completely soluble, any sus- 
pended oxide being not only valueless but harmful. The solvents 
employed in testing the preparation are ether and (in the case of lead 
rosinate) chloroform. When insoluble in these, the sample will be 
insoluble also in moderately hot linseed oil, and therefore worthless. 
(Lippert, Zetis. angew. Chem., 1903, 3606.) 

From the examination of a large number of samples Weger (Zeits. 
angew. Chem., 1896, 531) finds that the soluble manganese in fused 
rosinates seldom exceeds 2.3%, but in precipitated rosinates it may reach 
6% or even 7%. Good preparations of fused manganese linoleate 
have 9% and in some cases even 11%. The preparation most used 
is fused lead and manganese rosinate; the most suitable proportion of 
lead to manganese appears to be 5 tor. For the analytical examina- 
tion, Weger burns off the organic matter and estimates the manganese 
and lead in the ash. It is useless to weigh the total ash, as rosinates 
often contain sand. If, after the removal of the lead, calcium is 
present to any extent, the manganese and calcium are estimated to- 
gether in neutral solution as carbonates, the manganese titrated and 
the calcium estimated by difference. The insoluble lead and manga- 
nese are estimated by dissolving a fresh portion of the siccative in 
ether or chloroform, filtering, washing, igniting, etc. ‘The soluble 
manganese is estimated by the difference between this result and that 
of the total manganese, and the result may be controlled by estimating 
the soluble manganese in an aliquot portion of the filtrate. The sol- 
uble lead must be ascertained by difference, since the chloroform 
cannot be completely evaporated from the rosinate solution, traces 
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remaining except at a red heat, when most of the lead volatilises with 
it as lead chloride. 

The analytical examination of a drier is in itself of little value as an 
indication of its properties. 

Patent driers under fancy names are frequently met with. The num- 
ber of such materials is legion, and many are worthless products con- 
taining large quantities of inert substances which have no siccative 
properties and merely act as diluents. 


References to Literature Relating to Driers. 


Thorpe. J. Soc. Chem. Ind., 1890, 9, 628. 
Hartley. J. Chem. Soc., 1893, 63, 129. 
Weger. Zeits. ang. Chem., 1896, 531. 
Weger. Ibid., 1897, 401, 542, 560. 

Lippert. Zeitsch. angew. Chem., 1900, 133. 
Lippert. Chem. Zeii., 1903, 16, 365. 
Fawsitt. J. Soc. Chem. Ind., 1903, 22, 538. 
Endemann and Paisley. Amer. Chem. Jour., 1903, 29, 68. 
Lippert. Zeit. f. angew. Chem., 1905, 94. 
Tauber. Chem. Zeit., 1906, 1252. 

Meister. Fdarber-Zeit., 1908, 153. 
Lewkowitsch. Lac. cit., 3, 106. 

Fokin. J. Soc. Chem. Ind., 1907, 26, 1149. 


When a drying oil containing manganese oxide in solution is dissolved 
in an equal volume of benzene and agitated with air in a closed vessel, 
rapid absorption of oxygen takes place, especially at a temperature of 
40 to 50°. If the supply of air is repeatedly renewed, the liquid be- 
comes thick, and on distilling off the solvent a residue is obtained 
which solidifies on cooling to a dry and perfectly elastic solid. By 
limiting the oxidation, various intermediate products are obtainable. 
The last product is characterised by its elasticity and its insolubility 
in water, alcohol, and ether. It is almost instantly saponified by 
sodium hydroxide in the cold; and on subsequent separation of the 
fatty acids, it is found that the solid acids have undergone no alter- 
ation, while the liquid fatty acid has been converted. into viscous 
products, characterised by their solubility in water and by the salts 
which they form. 


For later investigation of above, see Dunlap and Shenk, J. Amer. 
Chem. Soc., 1903, 25, 8, 826. 
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BLOWN OILS, OXIDISED OILS, BASE OILS, OR “SOLUBLE 
CASTOR OILS.” 


Various products known by these or similar names are manu- 
factured by blowing a stream of air through fatty oils. The oils which 
lend themselves most readily to the treatment are cotton, rape, and lin- 
seed oils, but the process is also carried out with olive, lard, ground-nut, 
and some fish oils, the latter being almost entirely used in the leather 
industries. 

Cottonseed, rape, and linseed oils are the most usual oils used. 
Blown cottonseed oil and rape oil are respectively known as lardine and 
rapine. The oil is usually heated by a steam coil at the commence- 
ment of the blowing to a temperature of 70°, though this is not strictly 
necessary, at least with certain oils: care must be exercised to avoid 
too high a temperature (above 80°), except in certain cases in which 
a temperature of 110 to 115° is employed. The process usually lasts 
from 12 to 48 hours, according to the nature of the oil under treatment, 
the character of the product desired, and the size and power of the 
apparatus. A considerable rise in temperature takes place, and pro- 
vision has to be made to prevent this becoming too great. The 
quality of the product can be varied by arresting the process at any 
particular stage. 

The blown oil is usually of a clear yellow colour, with a disagreeable 
smell and taste suggesting its origin. 

The temperature of working has some influence on the rate of 
oxidation, the action being hastened by high temperatures; the 
products obtained from high temperature oxidation are usually darker 
in colour and have a more pronounced odour that those prepared at 
lower temperature. 

The perfect miscibility of such oils with heavy mineral oils gives 
them an advantage over castor oil in the manufacture of lubricating 
mixtures for heavy machinery, hence the term “soluble castor oil.” 
Opinions are divided as to the suitability of blown oils as lubricants. 
They are stated to be useful on account of their high sp. gr. and 
viscosity. Some authorities, however, look on them with suspicion, as 
they object to the low flash-point, and the liability of such oils to “‘gum.”’ 

Mineral and castor oils are mutually soluble only to a very limited 
extent, but by addition of some other oil, such as tallow oil, perfect 
union can be obtained. When the oxidation of cottonseed oil is 
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pushed to an extreme, the product has a sp. gr. of 0.885, and is not 
readily miscible with heavy mineral oils. Blown oils yield sebacic 
acid on dry distillation, and contain but an insignificant proportion 
of unsaponifiable matter. The odour, taste, and colour-reaction of 
the oil with sulphuric acid will afford an indication of its origin, and 
more definite information can be obtained by an examination of the 
physical and chemical characters of the fatty acids produced by its 
saponification. 

Oils, on being blown, increase in viscosity, and in the case of 
linseed oil the oxidation is continued until the oil has become solid for 
linoleum-making. The solidified oil obtained is heavier than water. 

References for linoleum: Pinette, Chem. Zeit., 1896, 16, 281; 
Reid, J. Soc. Chem. Ind., 1896, 15, 75; Lewkowitsch, Analyst, 1902, 
2'7, 140; Ingle, J. Soc. Chem. Ind., 1904, 23) 1197. 

Leeds! gives the results of the examination of two oxidised linseed 
oils prepared by blowing linseed oil with oxygen in a jacketed pan. 

The oxidised oils are more readily soluble in alcohol than the original 
oils. Benedikt and Ulzer? give the following table as showing the 
solubility of 1 part of blown oil in alcohol. 


Cottonseed oil dissolved in 35.7 
Blown cottonseed oil (lab- 


oratory sample), 22.9 parts absolute alcohol at 18°. 
Blown cottonseed oil (com- 
mercial sample), 14.9 } 


Fox and Baynes,3 Thomson and Ballantyne, Chapman and Rolfe,5 
have examined a number of blown oils. 

Fox (Oil and Col. Journ., 1887, 8, 549) has published the following 
figures, showing the changes produced in oils by blowing with air: 


Linseed Cottonseed Rapeseed 
Before After Before After Before After 
SDi B6oe.0 ac a 0.9354 ©.986 0.916 0.96 
nit A R 3 -9685 0.927 0.98 
Glycerol inc oes 9.306 12.85 9.64 EECSe 9.61 es 
Free fatty acids. . 2.40 2.73 2.50 Yat Ao! 3.20 Sn SiG 
Insol. fatty acids.| 95.70 87.67 95.43 84.70 95.65 85.50 


At a more recent date, Lewkowitsch has made a thorough investiga- 
tion into the blowing of oils, and tables A, B, C, and D are extracted 
from his paper in the Analyst, 1902, 27, 683. 


1 J. Soc. Chem. Ind., 1890, 9, 847. 

2 Zeitsch. angew. Chem., aetcg sa 
8 Analyst, 1887, 12, 33. 

4 J. Soc. Chem. Ind., 1892, 11, 506. 
® Chemical News, 1894, (yor), 2. 
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The investigations show that blowing results in the following changes: 

The sp. gr. is increased and the free acid and saponification values 
are also increased. The saponification values of the oxidised acids 
are higher than the neutralisation value, thus pointing to the presence 
of lactones. Saponification of the blown oil is more difficult than that 
of the original oil. Soluble acids are formed, hence the Hehner value 
is low. The iodine values decrease, and the oils acquire a con- 
siderable acetyl value. The oxidised acids are insoluble in petroleum 
ether, but separation by this solvent is not complete. There does not 
appear to be any numerical connection between the acetyl value and 
the oxidised acids. 

Lewkowitsch also gives the following table as the result of heating 
linseed and cottonseed oil to 120°, while air was blown through. 


TABLE SHOWING CHANGES IN BLOWING OF LINSEED AND 
COTTONSEED OILS. 
Lewkowitsch. 
Oil blown at 120°. 


Orig. oil After 2 hrs. | After 4 hrs. After 6 hrs. | After ro hrs. 


L Cc L Cc L Cc L Cc L Cc 


Oxidised oil 


Sp. gr. (Oeil ©.9250/0.9334/0.9262/0.9403/0.9291/0.9446/0.9350/0.9460/0.9346 
ete 

Saponitication: lists. evseisver 189.8} 194.3| 191.3] 194.9] 192.4] 196.1| 192.7] 196.8 
value (2) 


Total volatile} 0.8 o.r | 1.68 | 2.88 BO! il 24d 8.3 | 4.60 0.9 | 4.16 
fatty acids in 
terms of (3) 
milligrams 
KOH 


Oxadised “acids|y es ari] rei Teas | Os5x Ey | 0.87 | 5.03 | 0.94 Fisek lk hacks) 
(4), % 


Acetylated oil 


Saponification | 205.6 200.21] 200.9] 203.9| 203.9| 212.0) 208.2) 215.2) 211.8) 218.4 
value (s) 
Heb peares 96.2 | 95.7 | 94.4 | 94.8 | 94.6 | 92.9 | 93.2 | 91.9 |92.1 91.4 

(6 
Apparent acetyl] 12.5 war || TiO), Thea Aas iazie9 | 25.5 | 30,011) 32.0) || 351.0 
value (7) 


True acetyl] 11.7 ».6 | 17.22| 11.32] 19.5 | 20.46] 17.2 | 25.4 | 31-7 30.84 
value (8) 
Ditterence ts =a) |r. atetevel|lansiere 1 re app | 9-6) 12.00 t7en | 25-8) (htO). 1c) |e tO ce et.0 


Proctor and Holmes have investigated the process of the oxidation of 
oils by blowing. The method adopted was that of blowing air through 
too c.c. of oil contained in a test-tube, which was heated to 100° by 
means of a water-bath. At intervals samples were drawn, and the 
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refractive index and iodine value determined. The following are the 
most important results and conclusions: 

Without exception, on blowing any oil, the sp. gr. and refractive 
index increase as oxygen is absorbed, and at the same time the iodine 
value, which is a measure of unsaturated linkages, diminishes as these 
become saturated with oxygen. In no case, however, was it found 
that in 24 hours’ blowing the oil at all approached complete saturation, 
and even in commercial blown and oxidised oils the iodine value shows 
that saturation is far from complete. 

The process of oxidation is a somewhat complicated one. An in- 
teresting peculiarity which is striking in several oils (especially Moellers 
codliver and pale seal) is that the iodine value remains practically 
unaffected during the first three or four hours of blowing, though the 
rise of sp. gr. and refractive index shows that oxygen is being absorbed. 
This, of course, indicates that the saturated linkages which are measured 
by the iodine absorption are still unopened, and that oxygen is tem- 
porarily retained merely in solution or in some other way than direct 
linking on the carbon chain. Usually, when a drop in the iodine 
value does set in, it proceeds rapidly for some time, as if the oxygen 
previously absorbed now took its place in the broken linkage. In 
other cases, as in castor oil, little or no change takes place in any of the 
constants during the first three hours of blowing, while in the second 
three it is relatively rapid. 

Polymerisation does unquestionably take place, affecting the refrac- 
tion and sp. gr., but probably not affecting the iodine value or perhaps 
the refractive constant, in which the natural relation between refrac- 
tive power and density is taken into account. 

The following table gives the figures before and after the experi- 
ments. For intermediate values, see original paper. (J. Soc. Chem. 
Ind., 1905, 24, 1287.) 

The only oil in which the dispersion is probably high is whale oil, 
and constants are given in a table, of which the original dispersion was 
44.5, rising on blowing to 47.5, the other constants being quite normal. 
The refractive indices and dispersions of three other whale oils given 
in Table XX of paper are very constant, beginning at 39.9 to 40.0 and 
ending in all cases at 40.8, so that it is evident that high dispersion is 
not a usual characteristic. 


Note.—All oils were blown at 100°, and measurements taken at 1 5°. Iodine 
values by Hanus method. Refractive index measured by a Zeiss refractometer, 
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: Refract. . Jodine 

Oil Sp. gr. index Ref. const.| Disp prea 

sine Wher Olle gaucsoocce 0.926 I .4830 0.3084 39.6 187.0 
Blown 24 hours........] 0.937 1.4843 0.3055 39.8 159.0 
MGellers’ codliver oil ...... 0.924 1.4814 0.3082 39-5 163.0 
Blown 24 hours.........| 0.969 1.4848 0.2957 40.1 II7.0 
Codliversoile wae eens ae 0.930 1.4812 0.3061 39-7 156.0 
Blown 18 hours........ 0.943 1.4828 0.3028 39.9 I45.0 
Codvoilsieee as terre cee 0.923 I.4810 0.3083 39.6 I54.0 
Blown 24 hours........] 0.934 1.4828 0.3057 40.1 I4I.0 
Coal-fish liver oil......... 0.g2I 1.4786 0.3077 39-7 153.0 
Blown 24 hours........ 0.931 I.4794 0.3048 39-9 130.0 
Herring refuse oil......:.. 0.923 1.4784 0.3069 40.0 146.0 
Blown TS hours: <= 2.70 ©.928 I.4795 0.3059 40.2 132.0 
Breshpherrine olla. sete 0.923 1.4780 0.3007 40.0 145.0 
Blown 18 ROLESe neal ORO Re I.4805 0.3049 40.2 I30.0 
IEG GON Rei erm sonidos cooe 0.932 I.4795 0.3045 39.9 T2r.5 
Blown 24 hours sees 0.968 1.4820 0.2945 40.7 QI.5 
Wihalevotliepre ccs oe 0.933 I.4762 0.3024 44.5 I2I.0 
tBlown 24 hours........ 0.950 a AWS 0.29076 47-5 86.0 
Sbarilver oll -eecant see OnOLo I.4750 0.30904 40.0 I20.0 
Blown 24 hours........| 0.916 1.4762 0.3080 40.1 103.0 
NAO aaed CMe saga poaal| Ones 1.4670 0.3135 40.5 80.0 
Blown 24 hours........| 0.892 1.4677 0.3115 40.6 71.0 
Winseede Olle eteer eae 0.932 1.4825 0.3062 39-5 I74.0 
Blown BAL HOUTS Hee te cis 0.944 1.4843 0.3032 39.6 I5I.0 
ILA al CMs sco one ace6 0.930 1.4817 0.3004 39.6 164.5 
Blown 24 hours........ 0.943 I.4840 0.3034 39.8 139.5 
Reaned rape’ Oil. ss... O.QII 1.4748 ©.3090 40.0 102.0 
Blown 24 hours........| 0.922 1.4758 0.3058 40.0 86.0 
Cottoncecdvoilleans- near 0.920 1.4745 0.3058 40.0 106.0 
Blown 24 hours........ 0.936 I.4759 0.3013 40.0 94.0 
Oliveroll person secraoues 0.912 1.4695 0.3056 40.1 86.0 
Blown 24 hours........ 0.918 I.4701 ©.3040 40.2 76.0 
English press’d castor.....| 0.958 I.4800 0.2965 40.3 83.0 
Blown 24 hours........ 0.967 1.4807 0.2941 40.3 68.0 
Australian oleine oil...... 0.892 1.4620 0.3082 40.1 88.0 
Blown 24 hours........| 0.900 r.4628 0.3059 40.2 Vie’ 
Wand goilyerstee eas ie 0.914 I .4697 0.3051 40.0 78.0 
Blown 24 hours........ 0.925 1.4713 0.3023 40.4 66.0 


Fahrion’s Method for Oxidised Oils.—(Zeits. angew. Chem., 1898, 
781-785).—From 2 to 3 grm. of the sample are saponified with ro c.c. 
of 8% alcoholic potassium hydroxide on a boiling water-bath. The 
alcohol is evaporated, the soap dissolved in hot water, and the solution 
decomposed with hydrochloric acid in a separating funnel, shaken with 
25 c.c. of petroleum spirit, and allowed to stand overnight, when the 
liquid will separate into two clear layers, with a stratum of solid 


1 In the dispersion, after oil has been blowing 16 to 24 hours, it is almost impossible to get 
a proper or definite dividing line. 
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hydroxy-fatty acids at the line of junction. As the non-volatile acids 
are all contained in the petroleum layer, it is unnecessary to again 
shake out the aqueous layer with petroleum spirit. After running off 
the lower liquid the petroleum layer is withdrawn from above, leaving 
the hydroxy-fatty acids in the funnel. If the quantity is considerable, 
it may enclose unoxidised fatty acids; and it is therefore advisable 
to dissolve the mass in a dilute solution of soda or ammonia, and re- 
peat the treatment with petroleum spirit after acidifying with hydro- 
chloric acid. 

The united petroleum spirit extracts are evaporated, and the residue, 
consisting of the unoxidised fatty acids and unsaponifiable matter, dried 
to constant weight (1). It is then dissolved in 25 c.c. of go0% alcohol 
and titrated with seminormal alkali, the mg. of KOH being cal- 
culated on the original oil. The number thus obtained, which the 
author terms the ‘‘inner saponification value,’ furnished a measure 
of the non-volatile and unoxidised fatty acids. 

The neutral alcoholic solution is extracted with petroleum spirit, the 
extracts washed with alcohol, the petroleum spirit evaporated, and the 
residue of unsaponifiable matter dried and weighed (2). 

The difference between (1) and (2) gives the quantity of non- 
volatile fatty acids, the molecular weight of which can be calculated 
from the inner saponification value. 

The hydroxy-fatty acids left in the separating funnel are dissolved 
in hot alcohol, the solvent evaporated, the residue dried to constant 
weight, ignited, the ash deducted, and the difference taken as the 
hydroxy-fatty acids (3). 

The sum of 1+3 gives the Hehner value. 

The following results were thus obtained with cottonseed oil and 
three oxidation products, which were prepared by exposing the oil on 
wash-leather for 8 and 12 days, respectively. The leather was cut into 
fragments and extracted with cold petroleum spirit, furnishing prod- 
-ucts A and B. The second leather still contained a considerable 
amount of product insoluble in petroleum spirit, which was subse- 
quently extracted from it with cold ether (B,). It was a thick yellow 
oil, soluble in alcohol. 
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Cotton- | 

seed | 4 2 Be 
Todinegvaluca si 2 ha:.: Seat emer ieee af ara: 108 .8 55-4 46.3 29.1 
NCI aval each coins rate hae eee eee CeO AV Mist Rac} 13.8 33-4 
NApOniMIcatlonevallic sete ne se 190.4 |-223.1 22975 273 
Inner saponification value................| 186.9 | 128.8 128.9 74.4 
ebnemyaliics ot meter cree aes 94.22 | 85.34 | 83.62 74.20 
Wnsaponifiableymatters Ae eee see ee iene) || gene 1.28 0.72 
Oxy tatiysacidls.u ject ene cece ee ere 0.27 | 20.70| 19.43 | 37-72 
Non-volatile fatty acids, Wins Sastonogooael|) Cela | Cadence O220F |) 35576 
Molecular weight of fatty acids ee 248.r | 276.2 27223 | \\) 20055 
MEE pwAof fatty acids ia. ebr eee Heel Renae 35-36° | 45-46° | 46° | 51° 


That volatile acids are produced during the oxidation process is 
shown by the decrease in the Hehner and inner saponification values. 
The increase in the amount of unsaponifiable matter in B is only 
apparent, since B and B, are both fractions of the same oxidation 
products, and the greater proportion of unsaponifiable matter was 
removed by the preliminary treatment with petroleum spirit which 
gave B. 

The general conclusion arrived at on this point is that during the 
oxidation of fats and oils the unsaponifiable matter remains intact, and 
new substances are not formed from it. 

Unlike the oxy-fatty acids of liver oils (Zeits. angew. Chem., 1891, 
643), those of cottonseed oil are completely soluble in ether. 

The foregoing method of analysis affords a means of examining the 
course of oxidation during the drying of linseed oil, and is also appli- 
cable to the examination of unoxidised fats and oils, as is seen in the 
following examples: 


. 


Ox tallow | Olive oil | Butter fat 


Saponilicationtval ews versie: co olisersas 4s 193-9 188.4 225.9 
Inner saponification value.............:..-- 193.8 188.1 185.2 
Hehmentvaltieentastpercts fee 5 1 tens «ita cogs 95.58 95.25 87.60 
Unsapontiiable matters. ens. secs ers ster O.iI 0.98 0.24 
Oxyvafattygacidss sums ae esecls 5 ase ele oo ts 0.13 0.18 0.14 
INon-volatiledattyacidss acca. yo eon. 95-34 94.07 87.22 
Molecular weight of fatty acids..............} 275.0 280.1 263.7 


From these results it is obvious that when, as in the case of tallow 
and olive oil, the total saponification and inner saponification values 
are nearly identical, the amount of volatile or of oxy-fatty acids must 

Vol. II.—24 
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be insignificant. Butter fat, on the other hand, by reason of its volatile 
acids, shows a considerable difference (40.7) between the two values, 
and the Reichert-Meissl value (36.3 for 5 grm.) can be calculated from 
this difference. his calculated value is higher than the normal, 
owing to the fact that the Reichert value only represents a portion of 
the total volatile acids. 

In addition to the usual methods for determining the presence of 
blown oils in lubricants, Marcusson' proposes to distinguish between 
rape or cottonseed oils, using a method based on the different behaviour 
of the lead salts of the fatty acids from the oxidised oils toward petro- 
leum ether. Also by the behaviour toward petroleum ether of the 
fatty acids separated from the lead salts insoluble in ether. He gives 
the following table: 


Fatty acids obtained from lead salts in ether 
Amount soluble | Amount insoluble 
ert in petroleum in petroleum 
ether ether 
@om|Sblownirape oil waseese ae 1.2% 1.2% 0.0% 
Coml. blown rape oil.. 14.5% abe 8.8% 
Blown rape oil prepared by author) 20 6% 8.7% Ir.9% 
Coml. blown cottonseed oil....... 32.9% 23.3% 9.6% 
Bowe cottonseed oil prepared by| 45.8% 32.5% 13.3% 
author 


The percentages refer to the weight of oil used for the preparation 
of the lead salts of the fatty acids. The fatty acids from blown cotton- 
seed oil melted at 54 to 56°, while those from blown rape oil were oily 
and semifluid. 

Lewkowitsch (lot. cit.) is of the opinion that differentation by means 
of the m. p. of the fatty acids would yield more information than the 
comparison of the solubility of the lead salts in petroleum ether. 

The writer wishes to thank Mr. J. Gould Bearn, M. Sc., of Hull, for 
kindly reading proofs and supplying certain figures which are included 
in this section. 


1Chem. Rev. Fett-Harz-Ind., 1905, 12, 290. 


HIGHER FATTY ACIDS. 


By W. ROBERTSON, A.R.C.S. 


The term “‘fatty acids,” used in its widest sense, includes the whole 
series of homologous acids of which formic acid is the lowest member, 
together with the unsaturated acids of the acrylic or oleic series, the 
peculiar acids obtained on hydrolysis of castor and drying oils and 
many others. 

The lower members of the saturated series (formic, acetic, etc.) 
have been considered in Vol. 1. 

The following tables give some particulars of fatty acids of interest 
or importance as constituents of fixed oils or fats. Information 
regarding the analytical characteristics »f caprylic, pelargonic, and capric 
acids will be found in volume 1. Palmitic, stearic, and oleic acids are 
described at length in subsequent sections as they are of frequent oc- 
currence. Further information regarding arachidic, erucic, linoleic, 
and ricinoleic acids will be found in the sections treating of the oils 
of which they are especially characteristic—namely, arachis oil, rape oil, 
linseed oil, and castor oil. 

Methods for the detection and estimation of the lower members of 
the acetic series are described in Vol. 1. 

The m. p. and b. p. of acids of the stearic series rise with increase 
in the number of carbon: atoms. The higher members cannot be 
distilled under the ordinary atmospheric pressure without suffering 
more or less decomposition, but may be distilled unaltered under 
diminished pressure. The table shows the b. p. of some of the stearic 
series under diminished pressure. 

Similarly, oleic acid may be distilled in a vacuum or in a current of 
superheated steam at 250°, without material alteration; but if distilled 
in contact with air it is partially decomposed, with formation of carbon 
dioxide, paraffinoid hydrocarbons, and acetic, caproic, caprylic, capric, 
sebacic, and other acids. 

In the following tables the acids of the different series are arranged 
together. Their relationship is evident from the following list of the 
acids containing 18 carbon atoms in the molecule: 


CisH,6O2, stearic acid. CysgH300z, linolenic acid; isolinolenic 
acid, 
C;sH34O2, oleic acid; elaidic acid. C,sH,,03, ricinoleic acid; isoricinoleic 
: acid. 


C1gN320z, linoleic acid; stearoleic acid. Ricinelaidic acid; rapic acid. 


oles 
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General Properties of the Fatty Acids.—The lower members of 
the fatty acid series are soluble in water, capric and lauric acids are 
slightly soluble in boiling water, the higher acids are insoluble. They 
are all, however, soluble in hot alcohol, ether, and petroleum spirit. 
The alcoholic solutions all give more or less marked acid indications, 
and both in solution and in the molten state decompose the carbonates 
of the alkali metals. The interaction between an alkaline hydroxide 
and a fatty acid in water is not a complete one, free acid and free 
alkali existing as well as the resultant ‘‘soap.”’ The fatty acids of the 
different series formulated in the foregoing tables present certain 
marked points of difference and general characters of interest of which 
the following are the chief: 

A. The higher acids of the stearic series are solid at the ordinary 
temperature. They do not give additive compounds with bromine, 
nor do they react with Hiibl’s reagent; in other words, they are sat- 
urated compounds. ‘They do not undergo change when heated with 
potassium hydroxide at 300° or with phosphorus and hydriodic acid. 
The lead salts are insoluble in ether. 

B. The higher members of the oleic or acrylic (from acrylic acid, 
the lowest member) series have lower m. p. than the corresponding acids 
of the stearic series, and are unsaturated compounds absorbing two 
atoms of the halogens or hydrogen. They interact with Hiibl’s 
reagent to give analogous compounds. The higher acids when in 
contact with sodium amalgam do not take up hydrogen to form 
saturated acids (Lewkowitsch, J. Soc. Chem. Ind., 1897, 16, 390), but 
colloidal palladium or platinum-black reduces oleic acid or unsatu- 
rated glycerides at the ordinary temperature (Fokin, J. Russ. Phys. 
Chem. Soc., 1907, 39) 607-609; Paal and Roth, Ber., 1908, 41, 2282— 
2291). The reduction may also be carried out with phosphorus and 
fuming hydriodic acid at 200 to 220°. 

When heated carefully with potassium hydroxide at 300°, potassium 
acetate and the potassium salt of an acid of the stearic series containing 
2 carbon atoms less than the original unsaturated acid employed are 
obtained; when heated rapidly with this alkali, sebacic acid, C,.H,30,, 
is also obtained from certain of these acids. Oleic acid and some of 
its homologues, when treated with nitrous acid at ordinary tempera- 
tures, are transformed into isomerides of higher m. p. Oxidation with 
_ potassium permanganate in alkaline solution leads to the formation of 
acids of the dihydroxystearic series. The lead salts are soluble in 
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ether; lead elaidate is, however, only very slightly soluble, like lead 
stearate, and this property, when utilised in separating lead salts of 
the unsaturated from those of the saturated series, requires to be used 
with caution. 

C. The acids of the linoleic series form additive compounds with 4 
atoms of bromine and interact with a larger proportion of Hiibl’s 
reagent than do acids of the oleic series. They absorb oxygen from 
the air, and oxidation of linoleic acid in the. cold with dilute potassium 
permanganate leads to the formation of sativic or tetrahydroxystearic 
acid. They are not affected by nitrous acid. The lead salts are 
soluble in ether. 

D. Linolenic acid combines with 6 atoms of bromine or iodine 
and readily absorbs oxygen. Nitrous acid does not produce solid 
isomerides. Lead linolenate is easily soluble in ether. 

E. Ricinoleic acid combines with 2 atoms of bromine, does not 
absorb oxygen on exposure to the air, is gradually converted by ni- 
trous acid into a solid stereoisomeride. Its lead salt is soluble in 
ether. Oxidation with potassium permanganate gives two trihydroxy- 
stearic acids. 

Recognition and Estimation of Fatty Acids.—The methods 
available for the detection and to some extent for the estimation of the 
higher fatty acids are based on the characters just described. In 
many cases it is unnecessary to effect actual separation of the fatty 
acids in a mixture, it being sufficient to ascertain the joint amount, 
or: to ascertain indirectly and approximately the proportion of the 
acids of different origin known to be present. 

Methods not Involving Separation.—a. Free fatty acids can be 
accurately estimated by titration in alcoholic solution with standard 
alkali, using phenolphthalein to indicate the point of neutrality. 
The mode of operating is fully described on page 9. A mixture of 
rt part of alcohol to 2 of amyl alcohol as solvent is recommended by 
Swoboda (Chem. Zett., 1900, 24, 285) as it avoids the formation of two 
layers. Neutral substances—e. g., fats and hydrocarbons—do not 
interfere. Mineral acids and acid salts must first be removed by agi- 
tation with water, or estimated by titration in alcoholic solution with 
methyl-orange as indicator, and resin acids must be separated or duly 
allowed for. In the case of a mixture of several fatty acids the result is 
best expressed in terms of the principal or most characteristic acid 
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present, and in most cases such a mode of statement gives a close ap- 
proximation to the total of the free fatty acids present. 

Conversely, when the substance under examination consists wholly 
of a mixture of fatty acids, titration with standard alkali suffices to 
ascertain the mean combining weight of the mixed acids. This is 
found by dividing the number of mg. of fatty acids employed for the 
titration by the number of c.c. of normal alkali required for neu- 
tralisation. 

In cases of a mixture of two homologous acids, the nature of which is 
known or can be ascertained by other means, the result of the titration 
gives the means of ascertaining the proportions in which the two con- 
stituent acids exist in the mixture. An example of the application of 
the method to this purpose is given on page 383. 

b. Kottstorfer’s method (page 15) may be regarded as a process 
of approximately ascertaining the mean combining weight of the fatty 
acids of an oil, fat or wax without actually isolating them. 3 c.c. of a 
2% alcoholic solution of alkali blue 6B Meister, Lucius and Briin- 
ing) can be substituted with advantage for phenolphthalein, when 
the oils give dark coloured solutions. This solution is red with 
alkali, blue with acid. The saponification values obtained are fairly 
constant, and are important in determining the nature of an oil or fat; 
but, as a means of ascertaining the mean combining weight of the acids, 
the method is only applicable to oils which yield 95% of fatty acids on 
hydrolysis. 

Tortelli and Pergami (Chem. Rev., Fett. Harzind., 1902, 182) have 
stated that the acids from oils and fats contain quantities of anhy- 
drides or lactones which are not attacked by dilute alkali in the cold, 
and therefore too high a molecular weight is found. The true 
molecular weight is found by heating with excess of N/2 alkali, and 
titrating back with hydrochloric acid. The further statement is 
made that in the case of fresh samples the number obtained is only a 
few units greater than the neutralisation value, but that in old samples 
the anhydride is quite important. A few of their results are tabulated. 
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MEAN MOLECULAR WEIGHT OF FATTY ACIDS. 
aE ae ay ae a Te ae Con ais, 


( ieee pen weight calculated 
pa Bes Differ- |_from Differ- 
ence ; ence 

Neutral-| Saponi- Neutral-| Saponi- 

isation | fication isation | fication 

value value value value 
Oleic acid fresh from olive oil... 199.5 201.4 r.9 281.2 278.5 2.7 
Oleic acid, 2 years old, from| 191.0 202.8 11.8 293). Sol e27On0 1) nyt 
beef fat 
Oleic acid, 5 years old, com-| 181.6 189.3 Fed) 308.2 | 296.5 En 
mercial | | 

Aimond! oil, ines. jsyos eee 195.8 203.0 | 47.2 286.5 | 278.5 8.2 
Almond oil, 24 years old ...... 196.0 202.2 6.2 ASO sa ie auirias 8.7 
Lavseed oils tresh h.055 60. ow ea 194.6 201.8 7.2 288.2 277.9 | 10.3 
Linseed oil, 3 years old ....... I9QL.5 205.4 13.9 292.8 | 273.2 19.6 
Cottonseed oil, fresh.......... 200.9 203.1 2.2 27972.| 276.2 | 3.0 
Cottonseed oil, 24 yearsold....} 194.3 204.5 | 10.2 288.7 274.3 | 14-4 
Rape oul piresh! Wie ng ees oie eestor 176.6 181.2 4.6 317-7 309.6 8.1 
Rape oil} 2 years old ......... 178.3 182.5 4.2 314.6 | 307-4 7.2 
Rape oil, 5 years old ......... 176.1 181.4 | Sn5 318.8 | 309.1 O.E 
Arachisioilyitesh Wien ncn soe 195.8 203.0 72 286.5 278.3 8.2 


Lewkowitsch (Jahrb. Chem., 1901, I1, 359) carefully repeated this 
work and the results obtained were sometimes in agreement with 
those of Tortelli and Pergami; in other cases, however, the differences 
were within the limits of experimental error and even negative differ- 
ences were found. The differences are probably due to the formation 
of lactones from hydroxy-fatty acids, but may also result from the 
formation of anhydrides from the acids by the action of heat. 

c. The titration of a mixture of oleic acid with acids of the stearic 
series by means of Hiibl’s solution (page 30) allows the former 
constituent to be determined with considerable accuracy. As 282 
parts of oleic acid, C,;sH,,0,, absorb 254 parts of iodine, the iodine 
value divided by 0.9 gives the percentage of oleic acid present. It is 
even possible to ascertain the percentage of oleic acid when another 
unsaturated acid like linoleic acid is present. The latter acid absorbs 
four atoms of iodine and as the molecular weights of the two unsaturated 
acids are very nearly the same (282 : 280), linoleic acid may be re- 
garded as absorbing twice as much iodine as oleic acid. Hence, 
if go be subtracted from the observed iodine value of the mixed acids, 
and the difference divided by 0.9, the dividend will be the percentage 
of linoleic acid in the mixture. If acids of the stearic series are also 
present, they must be separated or duly allowed for in making the 
calculation. If the percentages of stearic, oleic and linoleic acids are 
represented, respectively, by s, 0, and/ and the iodine value by A, then, 
the value of s being known, the liquid acid percentages are: 

o= 200—1.11A —25; and l=100—s—a. 
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d. Useful information respecting the fatty acids present can be ob- 
tained from the m. p. or solidifying-point of the substance. When 
the mixture consists merely of two acids of the stearic series, the 
result affords a means of approximately ascertaining their relative 
proportions. The m. p. of some mixtures of the acids of the stearic 
series, as found by Heintz, are given in a tabular form on page 385 ef 
seq. The m. p. and solidifying-points of the fatty acids from different 
fixed oils are more or less characteristic of their origin, as also are 
the sp. gr. and mean combining weights. 

The following table gives data obtained in Allen’s laboratory. 
The fatty acids were prepared as follows: The oil was saponified 
with alcoholic potassium hydroxide, the alcohol evaporated, the resid- 
ual soap dissolved in hot water and decomposed by dilute sulphuric 
acid. The liquid having been well boiled, the separated fatty acids 
were filtered through paper. With sperm and bottlenose oils the 
higher alcohols were removed by agitating the solution of the soap with 
ether, the ethereal layer separated, and the ether that remained in 
the soap solution removed by warming before liberating the fatty acids. 
In the case of the other oils the trifling proportion of unsaponifiable 
matter was ignored. 


Characters of separated insoluble fatty acids 
Kind of oil Sp. gr. ere 4 ; 
fo eae 
At 15.5° |At 98-99° 

OliveMoll fee ones soe solid 20430 I 26567 BL .0° 279.4 
PATAG I SenOl ler rettetct eras oiats solid 0.8460 | 29.5° 28 .0° 281.8 
Raper ollie swicivincs sv. 9 solid 0.8438 | 19.5° 18.5° 321.2 
Cottonseed oil (pressed)... solid 0.8467 | 35.0° 320° 287.2 
SeSater Oller hace cient elt SOlidy alana Baton 18.5° 286.5 
Ib Mae! Olllen 6 Soon oO oOa ee 0.9233 | ©.8612 24.0° Tse 307.2 
GastorsOllee atamtecite ©.9509 | 0.8960 Eales meine 306.6 
(Palm Wouryeno..t, ur ores o's solid 0.8369 | 50.0° Asace 269.6 
Coconuteouberern co fact SOLIGIE nO cre cptent 24).0° ROG Seu tae 
(EDSERN SER ine So opus door solid 0.8482 | 56.0° 53i.0> 265.3 
Mivartlen wax were seni erect solid Onoa70m| 147.50 46 ..0° 243.0 
Oars pence werent «as sous tay solid CAA 44.0° 39.0° 278.0 
Northern whale oil....... 0.9076 | 0.8595 Sue Stee 298.7 
Sperm toile eqeesciwtenover¥- OSSQOO Uhm caiaet picts sper 289.4 
Bottlenose (oily fist! OnSQOS milgeecra nts Syste Bere 294.6 
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The following results have been communicated by other observers: 


eee ee 8 eS eee 


Source of fatty acids 


Combining 
weight 


| 
| 


Observer 


mallow, lardsomolivevoiltes. eer eee 
(Gaston Ole co stoececpteee to oboe aes ee ede 
Coconut OL errata te ch Mexcioncnsiac te eeeeah 


Baa b Olle. «xy te enyace ewe aut etree ees 
GDtLONSEEG!: Oll atc ina secret eesioaiets aes eners 
Sesame Olle arta tend Sota aie 


270-285 

290-295 

196-204 
273 
211 


275 
286 


hol hr aerere) 


R. Alder Wright. 
. R. Alder Wright. 
R. Alder Wright. 
. Norman Tate. 

. Valenta. 

. Valenta. 

. Valenta. 


The following table gives the m. p. and solidifying-points of the fatty 
acids ascertained by several observers: 


Source of fatty acids 


(OilhieGile a4 6 Bd rts ie cate Coens 
/Nihaevotets Won Rae clan ao Cra aS emo eed uic ore | 


iNrachisioilee must cm mae thst eile 
Rape Olver nek Meee ema e cea ckt nei ee ee 
(ottonseedioil® yes msec. cerns eke 


Sesaimeroill anh sakes cep Pease ies hase | 


IN cerseed Oil aura rere aaa wees 
ROppy seeds Olle mee cicie aerate nie 
inseedtoil, eee eee ee ea: 
laksanppreeholl: .conascdods socheoueee 
Waltatiollyy swim sane acteerntvie sk Oe 


Castor. OU eek One ee ee oot cee at | 


ENTIEIMCO UD UEteieeta sete tia eter Sere 
Sheagbuttein omni ince seiner arene 
Coconupt oil Ae mecseat eres adi 
SIENSEHGT Ee ann oss Aint croitreune eetoeeae ae 
IN Band MVE aoe opiate at cae a aere neha 
Wate ROU Me erate cia: testes ened Ghots,. 


Gompounded lard re seni 
“ANEW Monses Tan aos St-ke eee e Ala sie acto 
allow sibel: ain roec eed, wae eee 
IMPaU RATING sp caches: Resim eit ores 
Butter fat ee ap 
Sperm oil. . 
Whale oil 


Solidifying-point. 
see Various Titer test 
methods (Lewkowitsch) 
21-30° 17-26 .4° | 16 .9-26.4° 
13-14° S—r2as (He ons aan 
27-30 24-31° =| = 28. 1-29..2° 
16—21° E2—TGe eee 7 ts Oe 
34740° 32-40° 322-37 .6° 
24-32 18—28° QE. 2=2328 
Pee AM | Ba Seo) Mme oto Fe 
20-21" ES R772 WN Gaaeensn Stes 
17-24 13—20° Ig .0-20.6° 
17 —282 T4—16° E5).0-£0-0" 
15-20% BOSE? i) Gaelederke wee 
AO 
ae “ ate pare 
x CRTaS Ss. | oS Ea a: 
cig» oraepren ie 20) —=25 
48-53 40-51 48 -48.27° 
43.5) 36-40° 5 -5-35-95° 
40-50" 38-54 53 «75-53 -8° 
24-25 16—25° 2I.2—-25.2° 
oy ae 53 59° 58 .8-59 .4° 
: 405 8 ay: ae eres ae 
ETN Eats cate Lr eee eeees x 5 
ce 32-43° 41 .45-42° 
ar. ea Wate he ary Ne Bereich oe 
41-49° gh So enies 40.15-48 
Se Hehe a 37-940). S60 
Kol Pe mmaMrs rR cose, Phy cht 
38-4" Weise Ml “ke sect ca hee 
13 Ti" 2° Ti f—Te.O 
TA— ° ° 
4-18 23-24 22.9-23 .9 
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The differences in the m. p. and solidifying-points are in great measure 
due to different methods of observation. 

The figures have, in some instances, considerable practical value. 
Thus, the high m. p. of the fatty acids obtained on saponification 
distinguishes cottonseed oil from nearly all other liquid fixed oils of 
vegetable origin, and enables its presence to be inferred in admixture 
with other oils; the m. p. of the acids from cacao butter is remark- 
ably constant, and is sometimes useful as a test of the purity of the fat; 
while the solidifying-point of the acids from palm oil affords a practical 
indication of the value of the sample to the candle manufacturer. 
The same remark applies to the fatty acids of tallow, and a table has 
been constructed by Dalican (page 212) by which the proportion of 
oleic and solid fatty acids which a sample of tallow will yield can be 
deducted from the solidifying-point of the mixed acids. 

Separation of Mixed Fatty Acids.—The actual separation of 
mixed fatty acids is often a problem of extreme difficulty, and indeed 
cannot in all cases be satisfactorily solved in the present condition of 
chemistry. Methods for effecting the recognition and separation of 
the lower members of the stearic series will be found in Volume 1. 
The principles which have been applied to the fatty acids enumerated 
in the tables on page 372 e¢ seg. include the following: 

1. The mixed fatty acids are well washed by agitation with hot 
water, when those containing ro atoms or fewer of carbon are dissolved. 
This process is applied to the analysis of the fatty acids from butter- 
fat. 

2. The mixed fatty acids obtained by treating the soaps with a 
moderate excess of dilute sulphuric acid are distilled with water, either 
with or without the aid of a current of steam (page 19). This 
method allows a more or less complete separation of the homologues 
up to lauric acid from the higher members of the stearic series. The 
soluble acids obtained in 1 are not necessarily the same as in 2. 

3. The acids are converted into barium salts, and the precipitate 
treated with water or alcohol. The barium salts of lower members up 
to capric acid can be dissolved out by boiling water (page 297). 

4. The alcoholic solution of the acids is precipitated by magnesium 
acetate. By operating fractionally some useful separations may be 
effected (see below). 

5. The acids are converted into lead salts, which are then treated 
with ether or alcohol. An application of this principle enables oleic 


382 HIGHER FATTY ACIDS. 


acid and its homologues to be separated from the higher acids of the 
stearic series. 

6. Fractional distillation, fractional fusion and pressure, and frac- 
tional solution in or crystallisation from alcohol or other solvents are 
other processes employed for the separation of the fatty acids. 

No precise method of separating oleic acid and its homologues from 
linoleic acid has hitherto been devised. Possibly one might be based 
on the conversion of the acids of the oleic series into isomers of higher 
m. p. and modified properties by means of nitrous acid. Methods 
1, 2, and 3 have already been sufficiently described, and those under 6 
do not require further notice. Methods 4 and 5, however, are de- 
scribed in detail below. 

Separation of the Higher Fatty Acids of the Stearic Series.—The higher 
homologues of the stearic series can be separated from the lower mem- 
bers by treatment with hot water or distillation in a current of 
steam, and from the insoluble and non-volatile acids of other series by 
treatment of the lead soaps with ether. By proper application of these 
methods there may be obtained a mixture of solid, non-volatile homo- 
logues of stearic acid, which, according to its origin, may contain more 
or less lauric, myristic, palmitic, stearic, arachidic, and other less fre- 
quently occurring acids of the series. The separation of these homo- 
logues is extremely difficult, and a quantitative estimation of several 
immediate homologues occurring in a mixture is especially so. Ad- 
vantage may be taken of the limited solubility of arachidic acid in 
alcohol to effect its separation, as is done in Renard’s process for the 
detection of earthnut oil (page 93); and indeed the solubility of the 
homologues in alcohol rapidly increases with a diminution of the num- 
ber of carbon atoms in the acid. For the actual separation of the 
higher homologues of the stearic series from each other, however, the 
most satisfactory method is that of Heintz (J. pr. Chem., 1855, 66, 1), 
based on fractional precipitation of the alcoholic solution of the acids 
with magnesium acetate. This salt precipitates acids of the stearic , 
series more easily than it does oleic acid and its homologues, and, 
of the different homologues of the stearic series, those of the highest 
molecular weights are thrown down first. In practice, 40 grm. 
of the mixed fatty acids should be dissolved in such a proportion of. 
hot alcohol that nothing will separate on cooling, even at 0°, and the 
hot liquid treated with a boiling alcoholic solution of 1.5 grm. of 
magnesium acetate. The liquid is well agitated and allowed to become 
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cold, when the precipitate is filtered off and the filtrate treated with a 
fresh quantity of alcoholic magnesium acetate. This second precipitate 
is similarly separated, and the treatment repeated as long as anything 
is thrown down. To induce precipitation of the lower homologues, it 
becomes necessary to render the liquid alkaline with strong ammonia 
before adding magnesium acetate, and to allow the solution to stand 
in the cold for 24 hours before filtering. The first fractions of the 
precipitate contain magnesium stearate and any higher homologues, 
the succeeding portions will consist chiefly of magnesium palmitate, 
and the last will probably contain myristate; but a portion of the 
myristic acid, the whole or nearly the whole of the lauric acid, and 
“any oleic acid which may be present will remain in solution, and 
may be precipitated by addition of lead acetate after neutralising the 
- excess of ammonia with acetic acid. The precipitate should be 
filtered off, washed with cold dilute alcohol, and, if oleate be present, 
treated with ether. The purified lead precipitate and the several 
magnesian precipitates should be washed with cold alcohol, pressed, 
and decomposed by hot dilute hydrochloric acid, the liberated fatty 
acids being washed free from mineral acid by repeated agitation 
with hot water, and further treated as described on page 19. The 
details of the fractional precipitation should be modified to suit par- 
ticular cases, and in some instances separation into a smaller number 
of fractions will suffice. 

The several fractions of fatty acids thus obtained, after being weighed, 
if desired, should then be titrated with standard alkali in the manner 
described on page 9. 5 grm. of each fraction will be a suitable 
quantity, and this should be treated with about 30 c.c. of warm 
spirit (neutral) and titrated with N/2 sodium hydroxide, a few drops 
of a solution of phenolphthalein being employed as indicator, and 
an accurately divided burette being used. The mean combining 
weight of the acids constituting a fraction is found by dividing the 
number of mgs. of fatty acids employed by the number of c.c. of N/1 
alkali required for their neutralisation. Thus, if 5 grm. of a frac- 
tion has been found to require 37.80 c.c. of N/2 for its neutralisa- 
tion, the mean combining weight of the acids will be 264.5, for: 


As a rule, if the mixed fatty acids are divided into a sufficient. num- 
ber of fractions by precipitation with magnesium acetate, each fraction 
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will contain only two homologues, in which case the result of the titra- 
tion not only indicates the nature of the homologues present, but in 
many cases allows of their relative proportion being calculated. Thus, 
if, in the course of a systematic fractional precipitation as magnesium 
salts, a fraction of fatty acids is obtained having a mean combining 
weight of 264.5, it will almost certainly consist essentially of a mixture of 
stearic and palmitic acids, the former of which has the molecular weight 
284 and the latter 256, the difference being 28. Hence every 1% 
of stearic acid in the mixture will raise the combining weight 0.28, or 
for every unit above 256 found for the combining weight of the fraction 
3.57 of stearic acid should be calculated. As with all indirect methods 
of the kind, the results obtained are fairly satisfactory when both 
constituents are present in considerable proportions, but are of 
little value for mixtures in which one constituent very largely pre- 
dominates. 

The titration having been completed, the alcohol may be boiled 
off and the fatty acids again liberated and subjected to renewed 
fractional precipitation or crystallisation from alcohol. The products 
so obtained can be again titrated, and thus the progress of the 
isolation and purification of the fatty acids checked in a simple and 
satisfactory manner. 

Valuable information respecting the composition of the various 
fractions obtained by the precipitation as magnesium salts is obtainable 
by determining the m. ps. of the fatty acids. For this purpose they 
should be purified by a single crystallisation from hot alcohol and 
dried by pressure between blotting-paper. Unfortunately, the m. p. 
of a mixture of two or more homologous fatty acids is not the mean 
of the m. ps. of the constituent acids. The m. ps. of various mixtures 
of solid fatty acids have been very carefully determined by Heintz, 
who has also noticed that the mixtures, on solidifying, crystallise in 
more or less characteristic forms or remain amorphous, according 
to the proportions in which the constituents are present. The follow- 
ing are some of the more important of the results of Heintz: 
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MIXTURES OF LAURIC ACID WITH ITS HIGHER HOMOLOGUES. 


With ayriste acid Lael | ee sae 
Lauric acid, % 
idifying- 

M. p. eee 8 M. p. M. p. 

Bcole) HG) oy? Bates 43 .6° 43 .6° 
go Ab ee” 36.0° Ainge ALASe 
80 38.5° 3300 Ay pease Bons. 
70 Bini Ban se BONS a 43 .4° 
60 BOE Ba) Ae 40.1° 50.8° 
50 37-4° 35-7" 47 .0° 55.8° 
40 43.0 39.0 in ete 59.0° 
30 46.7° 390° 54.5° 62.0° 
20 49 .6° 44.5° 57-4° 64.7° 
se) CERO. ang. 49.8° 677.0- 
° S2SS Sis, 62.0° 69.2° 


MIXTURES OF MYRISTIC ACID WITH ITS HIGHER HOMOLOGUES. 


With palmitic acid With stearic acid 
Myristic acid, % 

M., p. Solidifying-point M. p. 

I0o Bonog sory D 53.07 
go ie Roe 45.-3° Seesyie 
80 49-5° 41.3° 47 .8° 
70 46. 2° A ue 48 .2° 
60 47 .0° Asai 50.4° 
50 47 .8° 45 -3° 54.5° 
40 51.5° 49.5° 59.8° 
30 54.9° RIS 62.8° 
20 58.0° fyevaisge: 65.0° 
Io 60.1° okagpe OFnte 
° O250r roe 69.2° 


Palmitic Stearic Solidifying- 2 eee 
acids acid, % M.p | point Manner of solidification 
100 ° 62.0° Babs Crystalline scales. 
go Io GOmie BAG Slender needles. 
80 20 ype Sao Very indistinct needles. 
70 30 isan 54.0° Amorphous, wavy, dull. 
60 40 each: BY Large crystalline lamin. 
50 50 56.6° 55-0° Large crystalline lamine. 
40 60 60.3° BOmbe Amorphous, lumpy. 
30 70 62.9° BO ese Slender needles. 
20 80 One 60.3° Slender needles. 
Io go yon 2052 Crystalline scales. 
fc) 100 69.2° at Crystalline scales. 


Voli ——25 
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Heintz also noticed that the addition of a third acid, even of higher 
m. p., to a mixture of two homologous acids causes a lowering of the 
m.p. This is shown in the following table: 
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Sete es | 
Som S23 || 
So8 oot ; 
GaIBe| Oe Rag S 
eaes | uw Manner of goo Mw ; Manner of 
ae ‘Ba a solidification ||" S +. 3 solidification 
Ww Poo cs LES) 
ow S| ° eS a0 
nO on Agd a 
po Ss Roo 
39 A ae 
AY I} 
fo) 35.1° | Amorphous, Nea <C 46.2° | Indistinct lamelle. 
frond-like. | I 45.2° | Amorphous. 
I 33-9° | Amorphous. 1 ez: 44.5° | Amorphous. 
2 33-1° | Amorphous. ees, 44.0° | Amorphous. 
3 32.2° | Amorphous. || 4 43 -8° | Amorphous. 
4 32.7° | Amorphous. ees 44.6° | Amorphous. 
5 33.7° | Amorphous. 6 45.6° | Amorphous. 
6 34.6° | Amorphous. 7 46.0° | Amorphous. 
7 35.3° | Amorphous. ates 46.5° | Amorphous. 
8 .36.0° | Amorphous. 
9 37-3° | Indistinct minute’ | 
needles. 
sie) 38.8° | Minute needles. 


The importance of ascertaining the solidifying points of mixtures 
of fatty acids has been latterly emphasised as the data obtained are 


more reliable than those derived from m. p. observations. 


Heintz ob- 


tained his values by the capillary method, but L. E. O. de Visser (Rec. 
Trav. Chim., 1898, 17, 182, 346), by using larger quantities and only 
allowing the temperature to fall slowly, obtained the following values 
for the solidifying points of mixtures of stearic and palmitic acids: 
MIXTURE OF STEARIC AND PALMITIC ACIDS. 


Stearic Solidifying Stearic Solidifying || Stearic Solidifying 

acid, % point acid, % point acid, % point 
100 69 .32° 48 56.40° 36 55-62° 
go 67020 47 56.40° 34 Ren 3om 
80 64.51° 46 56.30° 3e So tae 
70 O1.73¢ 45 56.38° 30 54.85° 
60 58.76° 44 56.36° 20 54.92° 
55 57 «20° 43 56.31° 25 55 .46° 
54 56.85° 42 BO. 25° 20 50.530 
Re 56.63° 4I 56.19° I5 Ly passe 
52 FORGO” 40 SOnrr° Io 59.31° 
51 56.44° 39 56 .00° ° 62.62° 
50 50.4 2m 38 55 -88° 
49 56 .41° 37 55 -75° 

ee 


PROPERTIES OF MIXTURES. 387 


If these values are plotted on squared paper the curve so obtained 
has two points of inflection, one at 54%, the other at 47.5%, and the 
tangent at 47.5 is parallel to the axis of composition, thus the acids 
exist in “solid solution” here with only one form of crystalline aggre- 
gate. The lowest solidifying point is 54.817° at 29.76% stearic acid, 
but this is a mixture of two solid modifications. 

The formation of “eutectic” mixtures in fatty acids has recently 
been examined by Carlinfanti and Levi-Malvano (Gazzetta, 1909, 390, 
353). In ascertaining the solidifying point, they take the beginning 
of crystallisation as the point of most value; in some instances, they 
also give the temperature when crystallisation is complete. When 
these two values are identical, the “solid solution” is identical with 
the liquid phase. Their values for stearic and palmitic acid mixtures 
are somewhat different from those of de Visser. 


- | Beginning . | Beginning - | Beginning 
Stearic 2 Stearic) : Stearic) : 
: of crystalli-| End ||; of crystalli-| End : of crystalli-| End 
acid, % |" sation acid, Z| Beran ||acid, 2 sation | 
| j 
IOo 68.20. se 60 57-05" aevahs 25 54-95" 
95 67.10 55 56.60 20 aay AS 


go 65 ..g0° 61.50 525i 50.00" 56.00 15 57.00° 


85 64.75° 50 SOn25e  aisom2s Bite) 58.40° 
80 637 50> il ecews 45 ORO ailalleeentets 5 59 .60° 
pis ODL SCR eae: 40 55 -go° irate ° 61 .00° 
70 60.80° | 57.00]} 35 ig ney eee 
65 §9.30° | .... || 30 54-75° | 54-75 


It will be noted that the solidifying points for the two pure acids 
are different from those of de Visser. 

These authors have also examined stearic-oleic and palmitic-oleic 
mixtures, as well as mixtures of the three acids. With regard to the 
last the original should be consulted, as this is a very intricate case; 
information as to the composition of such mixtures may be derived, 
however, from the beginning of the solidification when taken in con- 
junction with the iodine value. 
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MIXTURES OF STEARIC AND OLEIC ACIDS. 


Stearic ‘acid, % Beginning of crystallisation End of crystallisation 
Oo 682° 

95 67 .15° 
85 65 .40° r 
75 63 .40° 57 
65 Ona se 
55 58.65° 45° 
46 55-95° 3 
35 51 .90° 34 
25 46 .60° 
15 34-25° 

5 23 45° | 

° O.Oae 


MIXTURES OF PALMITIC AND OLEIC ACIDS. 


Palmitic Beginning of ! Palmitic Beginning of 
acid, % crystallisation acid, % | crystallisation 
I0o 61 .00° 40 46 .25° 
go 59.20° 30 41 .60° 
80 575307 | 20 35 ..00° 
70 eyo Io 24 ..80° 
60 52.00° ° g.0° 
50 49 .75° 


The m. p. of a mixture of two or more fatty acids taken alone is in- 
capable of giving definite information; but if the observation is as- 
sociated with other data useful inferences can be drawn. ‘Thus the 
following mixtures of homologous fatty acids melt at nearly the same 
temperature, but may be distinguished by their combining weights, by 
titrating them in alcoholic solution with standard alkali and phenol- 
phthalein (page 383). 


Nature of mixed fatty acids 
Combining 
} MIP: weight 
Lauric Myristic | Palmitic Stearic 

30 70 ee BS 460.72 219.6 
50 Li 50 si Ay. Oo 228.0 
cs 70 30 ae 46.2° 239.4 

50 21 29 46.5° 250.0 

a ee ee ee eee 
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This method of separation must, however, be used with care, espe- 
cially if more than 2 acids are present in the mixture. Kreis and 
Hafner (Ber., 1903, 36, 2770) isolated in this way from lard an acid, 
C,, H3,0,, m. p. 55-56°, but Holde, Ubbelohde and Marcusson 
(Ber., 1905, 38, 1250) have shown that not only this, but all the so- 
called daturic acids are mixtures of acids containing an even number 
of carbon atoms. Erroneous conclusions from the mixed m. p. de- 
termination may arise from the presence of an acid,a, of a higher m. p. 
than acids 6 and ¢, and fractional precipitation of such a mixture may 
give rise to several fractions of approximately the same m. p. and 
combining weight. These, however, may be resolved by repeated 
fractionation by means of magnesium acetate or distillation in vacuo. 

The method of examining fatty acids, proposed by Benedikt and 
Ulzer, consisted in preparing the acetyl derivatives and then ascertain- 
ing the amount of alkali required for saponification. 

It was at first assumed that only hydroxylated acids (e. g., ricinoleic 
acid) form acetyl derivatives when treated in this way, but Lewkowitsch 
(J. Soc. Chem. Ind., 1890, 9, 660) showed that saturated acids, like 
capric, palmitic, stearic, and oleic acids, give considerable acetyl values. 
This is due to the formation of anhydrides of these acids, thus, 
2C7.H2,,CO,H+(CH,CO),0=(C,,.H,,CO),0+2CH,CO.H, the an- 
hydride so formed, not being hydrolysed, by hot water, and even only 
partially hydrolysed when titrated in cold alcohol with alkali. Lew- 
kowitsch recommended (J. Soc. Chem. Ind., 1890, 9, 846) that the 
acetyl actually combined with the hydroxylated fatty acid be estimated 
by hydrolysing with alcoholic potassium hydroxide, boiling off the 
alcohol and after liberation of the acid with sulphuric acid, distilling 
off the acetic acid and estimating its amount in the distillate. The 
value so obtained he called the “‘true acetyl value.” The method de- 
vised by Lewkowitsch in 1897 (J. Soc. Chem. Ind., 1897, 16, 503), 
is now in general use; it is described on p. 33. 

Separation of Acids of the Stearic Series from Fatty Acids of 
Other Series.—The higher homologues of the stearic series of fatty 
acids being solid at ordinary temperatures, while the fatty acids of 
other series (e. g., oleic, linoleic, ricinoleic) are liquid, a more or less 
complete separation can be effected by subjecting the mixture to 
filtration or pressure. The latter plan is employed with considerable 
success on a large scale. Crystallisation from hot alcohol also serves 
to free the solid fatty acids from those fluid at ordinary temperatures, 
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but neither plan allows of the latter being obtained even moderately 
free from admixed solid acids, and such methods are quite useless for 
quantitative work. 

A general method by which stearic acid and its homologues may be 
separated from oleic and other liquid fatty acids, is based on the fact 
that the lead salts of the acids of the stearic series are almost insoluble 
in ether, while the corresponding compounds of the other fatty acids 
are soluble. Since the lead salts of the solid acids are not wholly in- 
soluble in ether, and those of the drying fatty acids are not completely 
dissolved, the results are not strictly accurate. The best method of 
operating is probably that of Muter and De Koningh. 3 grm. of the 
fat should be treated, in a flask furnished with a long tube, with 50 c.c. 
of alcohol and a fragment of potassium hydroxide. The contents of 
the flask are boiled till hydrolysis is complete, when a drop of 
phenolphthalein solution is added and acetic acid until the solution 
is slightly acid. An alcoholic solution of potassium hydroxide is then 
added drop by drop until a faint permanent pink tint is obtained, 
when the liquid is slowly poured, with constant stirring, into a beaker 
containing a boiling solution of 3 grm. of neutral lead acetate in 200 c.c. 
of water. The solution is rapidly cooled and stirred at the same time, 
to induce agglomeration of the precipitate, and the clear liquid is 
poured off. The precipitate is well washed, by decantation, with 
boiling water and transferred to a stoppered bottle, in which it is 
treated with 120 c.c. of ether and allowed to remain 12 hours. (Wal- 
lenstein and Finck use a Drechsel gas-washing flask having the tube 
shortened about two-thirds to contain the ethereal solution, and pass a 
current of hydrogen through it for about a minute. In the case of 
colourless fats the liquid is said to remain practically colourless at the 
end of r2 hours, but if free access of air is permitted, a dark yellow 
solution is produced by oxidation.) Lead oleate, hypogeate, linoleate 
or ricinoleate will be dissolved by the ether, leaving lead laurate, 
myristate, palmitate, stearate, and arachidate undissolved. Lead 
erucate is sparingly soluble in cold ether, but readily in hot. The con- 
tents of the bottle are filtered through a covered filter into a Muter 
Separating-tube (Fig. 12), 40 c.c. of dilute hydrochloric acid (r: 4) 
added and the tube shaken till the clearing of the ethereal solution shows 
that the decomposition of the lead soaps is complete. The aqueous 
liquid, containing lead chloride and excess of hydrochloric acid, is run 
off through the bottom tap, water added, and agitated with the ether, 


SEPARATION OF STEARIC SERIES. 391 


and the process of washing by agitation repeated until the removal of 
the acid is complete. Water is then added to the zero mark and 
sufficient ether to bring the ether to a definite volume (e. g., 200 c.Cc.). 
An aliquot portion of this (e. g., 50 c.c.) is then removed through the 
side tap and the residual fatty acid weighed after evaporation of the 
ether in a current of coal-gas or carbon dioxide. Another aliquot 
portion of the ethereal solution should be distilled to 
a small bulk (avoiding complete evaporation of the 
ether), alcohol added and the solution titrated with 
N/1o potassium hydroxide and phenolphthalein, from 
which the fatty acids may be calculated from the re- 
sult, or their mean combining weight deduced there- 
from. A third aliquot part of the ethereal solution 
should be evaporated at about 60° in a flask traversed 
by a rapid stream of dry carbon dioxide. When 
every trace of ether is removed, 50 c.c. of Hiibl’s 
iodine solution should be added, the stopper inserted 
and the liquid kept in absolute darkness for 12 
hours, after which an excess of potassium iodide solu- 
tion is added and 250 c.c. of water, and the excess of 
iodine ascertained with thiosulphate solution in the 
usual way. From the result the iodine value of the 
liquid fatty acids is calculated, and an opinion may 
be formed respecting the proportions of oleic, linoleic, 
and other unsaturated acids present. 

The table on the following page shows the results Fic, 12. 
obtained with various fats and oils: 

If it is desired to estimate stearic acid and its homologues, the lead 
soaps insoluble in ether should be detached from the filter and heated 
for some time with dilute hydrochloric acid, the liberated fatty acids 
being allowed to solidify, and then removed and weighed. The prod- 
uct-may contain arachidic, stearic, palmitic, myristic, and lauric acids, 
besides the less commonly occurring acids of the same series. A mod- 
ification of the method specially suited for the estimation of arachidic 
acid is described on page 93. If it is found impossible to remove the 
whole of the fatty acids from the filter, the latter should be treated with 
hot dilute hydrochloric acid, and then washed with a mixture of alcohol 
and ether, the fatty acids being recovered by evaporating the solution 
so obtained. 
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SE a aD a DS TS 


Iodine number of | 
Observer 
Liquid fatty | 
Fat acids | 
| | 
ard eArmeticam en iicrcie «tie tereters 1 66.0 | 104.0 (highest) v. Raumer. : 
Ward pAmeriCat st.suj shes aislaisassrcne 65.4 | 104.5 Wallenstein and Finck. 
Ward eberlini wee cgaretn across 52.7 96.6 | Wallenstein and Finck. 
at Germany Gr.ccete ciecctterearnn are sheik oases 96.2 (highest) | v. Raumer. . 
are eV AGTITia 71.4 cscicdtlertelalenensuerece 60.9 95.2 Wallenstein and Finck. 
Ward Hume aniai veci. c)cteus ie 6 elo « 60.4 96.2 Wallenstein and Finck. 
Hata ik OUI TIAT © sie oie. create ee 59.5 96.0 Wallenstein and Finck. 
AEC Merci Ce Rie ae Stew enitats Sa oul, cll tketewelte ths 93.0 (highest) Muter and DeKoningh. 
BE okt ts Gare hai cee MG, 6 oaierp erence inka o care 94.0 (highest) | v. Asboth. 
Beehstalloyy <cyvamec tevele ae: tioweveterars. ail Cras seackers l= 9020 Muter and DeKoningh, 
Beef tallow, Australian ......... 38.3 92.2 Wallenstein and Finck. 
Beet tallow, Berlin:. ...06 oes «06 A45\.2 | 92.4 Wallenstein and Finck. 
Beef tallow, Hungarian ......... 38.6 92.7 Wallenstein and Finck. 
Gottoriseed (oil Ns oc. oa vue presis|topehuce 135.0 Muter and DeKoningh. 
Cottonseed ioil we. APek). ise airs avsiei elle ate a toNy 136.0 v. Asboth, ; 
Cottonseed oil, American, white . 108.0 | 147-5 Wallenstein and Finck. 
Cottonseed oil, American, yellow..| 107.8 | 147-3 Wallenstein and Finck, 
Cottonseed oil, Egyptian......... ‘ 706.5 | 146.8 Wallenstein and Finck. 
Cottonseed oil, Peruvian ........ 106.8 | 147.8 Wallenstein and Finck. 
Maize: Ollmaia eee cals aierercuemebormate 122.0 | 140.7 Wallenstein and Finck, 
INizerscec role marr eye akties cose 1335 (DA? os Wallenstein and Finck. 
PXeravehni soil: tnt a> cher vers lever ste. s 98.9 | 128.5 Wallenstein and Finck. 
Rape Olmee  e nomen oman cee Top atall) mous Wallenstein and Finck. 
Coconino Mere eee) Sacekc ck comers 8.0 54.0 Wallenstein and Finck. 


Lewkowitsch, however, recommends that the Muter tube be not 
used, the ethereal solution of the fatty acids being merely filtered 
through a folded filter into a flask. The ether is evaporated and the 
last traces of water are removed in a current of carbon dioxide by im- 
mersing the flask in boiling water. 

The method is only approximately accurate and possesses the dis- 
advantage, that the filtration of the ethereal solution is frequently 
slow and consequently oxidation can hardly be avoided. Other 
solvents have been proposed, notably petroleum ether b. p. below 
80°, in which lead palmitate and stearate are much less soluble than in 
ether (Twitchell, J. Soc. Chem. Ind., 1895, 14, 516) and benzene 
(Fahrnsteiner, Zeit. Unters. Nahr. Genussm, 1898, 390), the lead 
salts of the fatty acids being insoluble in this medium at 8 to 12°. This 
method is, however, not so exact as the lead salt-ether method, and 
preference should be given to the latter. 

Separation of the saturated acids from the unsaturated has also been 
proposed by means of sulphuric acid (Twitchell, J. Soc. Chem. Ind. 
1897, 16, r002) and by means of the greater solubility of the lithium 
salts of the unsaturated acids in alcohol (Partheil and Ferie; Arch. 
Pharm., 1903, 241, 545), but these methods have been adversely 
criticised and appear to offer no advantages over the older method. 
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Hehner and Mitchell have devised the following method of the 
estimation of stearic acid: Prepare a supply of alcohol saturated 
at o° with pure stearic acid or with stearic acid which only contains 
traces of palmitic acid. Dissolve from 0.5 to 1 grm. of the mixture 
of fatty acids to be examined if these are solid, or about 5 grm. if 
fluid, in about roo c.c. (exact measurement is not necessary) of the 
stearic alcohol solution. Leave this liquid in an ice-bath overnight, 
agitate the mixture next morning and allow to stand in ice for a short 
time; filter off while the mixture remains in ice, wash with stearic 
alcohol solution at 0°, dry and weigh. Ascertain the m. p. of the 
product which should not be much less than 68.5°. Since the sides 
of the interior of the flask, as well as the residue of crystallised stearic 
acid retain a small amount of the alcoholic solution, a correction 
experimentally found to be 0.005 grm. has to be applied, this amount 
being deducted from the total weight found. In their experiments 
the authors used methylated alcohol of sp. gr. 0.8183, but obviously 
the exact strength is a matter of no consequence. 

For maintaining a constant temperature, Hehner and Mitchell used 
an ice-chest consisting of a metal box with sockets soldered to its sides 
to receive clamps for holding flasks, submerged to the neck in ice- 
water, in which the analyses were carried out. The metal box was 
fitted in a wooden box,-and the space between the metal and wood 
was packed with wool and sawdust, while a cushion of wool and flan- 
nel was placed between the lids of the metal and wooden boxes. 

For the preparation of the stearic solution about 3 grm. of pure 
stearic acid were dissolved in about a litre of warm alcohol of sp. 
gr. 0.8183, and the stoppered bottle containing the solution placed 
overnight in the ice-water (which contained lumps of ice) in the chest, 
so that the bottle was submerged up to the neck. After 12 hours 
a considerable portion of the stearic acid had crystallised out. The 
saturated mother-liquor was syphoned off without removing the 
bottle from the ice-water. The filtering syphon consisted of a small 
thistle funnel twice bent at right angles, fitting with’its straight limb 
into a flask in connection with a suction pump. The bulb of the 
funnel, which was submerged in the ice-cold solution, was covered 
over with a piece of fine calico. On applying suction, a perfectly clear 
stearic solution was obtained, saturated at 0°, or rather at 0.2°, 
which was the temperature almost constantly shown by a standard 
thermometer. 
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A precisely similar mode of filtration was also adopted in the quan- 
titative experiments on mixed fatty acids, the thistle funnel used being 
a miniature one, with a bulb not larger than about 0.25 of an inch in 


diameter. 


ESTIMATION OF STEARIC ACID IN MISCELLANEOUS FATS. 


Taken Todine Stearic acid Percentage in 
grm. number 0.005 grm. fatty acids 
IBeGE SEATING Lc ov .f sce oes 0.3024 2.0 0.1516 50.19 
BECtSUCATIMIO Sy -aynelevetumirnam cede Oma LAA’ oiltenaeue sus iel rises 0.2131 51.05 
OleomargariviGins wel] rie as el I.,O107 46.50 0.2295 22 
leamargarine oid. ssid aoe 19 GRTOP  Woersicciesuaiee 4 O.1104 21.26 
Oleomargaritie’ 5 s.5es das aa E.TPOAe Wore ss eet ss 0.2630 23.6 
iat watimG ll eters sews sus a aie semneccn EOONS Iwan santas 0.2495 24.8 
Margarine ll (Sar cme. odes gens 0.5000 41.19 0.0586 IIl.72 
ilorse-kidney fat sic cj. ae a iy 107. 7O3 85.4 no: deposit> || whisk 
Cotton oil “stearine@ i... s. se © G.0045) anism euee 0.0334 ee 
Sealligieia: callows wrocutatepavev score eal te: cuoetiehe ohaee cs 22.87 no deposit Fd Rees 
Gacaoroutters vaste esse hs ares TOTOS Mere eee | 0.3878 40.6 
Wacag butler... cle meatat ae sect O49 54S: i lerece wineavewee | modeposit | ..... 
Miatzeroil Pyne cngerset sigs. cern 5.4186 122 Noideposih I eae 
Almond Otley. Vows ose e 5.0236 95.68 mo deposit -; «.... 
Ol vero cement raion. SieSSSS: Mee memo no deposit 1) ©" ites 
Ibarthnit Onl) eppeerticinoiiereslereuels TaGOsS flat sce deen 0.0751 7-0 
(m. p. 67°) 


Numerous estimations of the stearic acid in butter were made. 
In many cases none, or a minute quantity only, was found. In some 
‘cases phenomena of supersaturation apparently occurred. On the 
first examination in the morning the solution was perfectly clear, but 
after shaking the contents and allowing to stand some time longer in 
the ice, a small but increasing quantity of crystals formed. 

The method appears to be inapplicable to the fatty acids from Japan 
wax. From mixtures of these with pure stearic acid, the latter could 
only be recovered partially, and in some cases not at all. 

Kreis and Hafner (Zeit. Nahr. Genussm., 1903, 6, 22) state that this 
method gives trustworthy results provided that not less than 0.5 grm. 
of the mixed fatty acids is taken, as stearic acid easily forms super- 
saturated solutions. This is borne out by Emerson (J. Am. Chem. 
Soc., 1907, 29, 1750) and is said to explain the differences in the 
solubility obtained. Appended are results: 

Hehner and Mitchell found solubility at 0° in 94.4% alcohol 0.15 grm. 

Kreis and Hafner found solubility at o° in 95% ethyl alcohol 
0.1249 grm. 

Emerson found solubility at o° in 95% ethyl alcohol 0.1123 grm. 

The alcohol used by Hehner and Mitchell, as already pointed out, 
was rectified methylated spirit. 
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Other methods of separating oleic from stearic acid or of esti- 
mating the former in mixtures of the two are described on page 407. 
A method for separating oleic from palmitic acid is also described on 
page 407. 

Separation of Fatty Acids from Resin Acids.—As already pointed 
out, Twitchell’s method has been found to be the most satisfactory (see 
page 77). — 

Separation of Fatty Acids from Soaps, Hydrocarbon Oils, etc.— 
The estimation of the constituents of complex mixtures of fatty acids 
with neutral oils, hydrocarbons, etc., has already been described (see 
table on page 83). Small quantities of neutral fats contained in free 
fatty acids may be detected by dissolving the substance in hot alcohol 
and adding a few drops of strong ammonia to the solution; in the 
presence of mere traces of neutral fat, the solution is rendered turbid. 


PALMITIC ACID. 
Cy6H,0,=Cz,H;,COOH. 


The glyceride of palmitic acid occurs largely in palm oil, Chinese 
tallow, the fat of coffee-beans, coconut oil, butter-fat, tallow, and lard. 
Palmitic esters of monatomic radicals exist in spermaceti, beeswax, 
and opium wax. 

Palmitic acid is conveniently prepared from palm oil, which should 
be saponified with potassium hydroxide, the solution of the resultant 
soap decomposed by dilute sulphuric or hydrochloric acid, and the 
liberated fatty acid purified from the accompanying oleic acid by re- 
peated crystallisation from hot alcohol, till the pressed crystals have 
m. p. 62°. Chittenden and Smith prepare palmitic acid from myrtle 
wax, which is said to contain only lauric acid in addition. By re- 
peatedly crystallising the separated fatty acids from hot alcohol, 
pure palmitic acid, melting at 62°, is readily obtained. Palmitic 
acid is manufactured on a large scale by the action of potassium 
hydroxide upon oleic acid at a high temperature, or by saponifying 
palm oil and pressing the fatty acids obtained. The product is com- 
monly, but improperly, called ‘“‘palmitine.” 

Palmitic acid is a white substance, melting at 62.62° (de Visser) toa 
colourless oil, which solidifies on cooling to a white, finely crystalline | 
mass. It is insoluble in water or dilute acids, but is soluble in alcohol, 
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ether, carbon disulphide, hydrocarbons, and fixed oils. It cannot be 
distilled without decomposition under ordinary pressure, even in the 
absence of air; but distils, practically unchanged, at 271.5°/100 mm. 

Palmitic acid is but slightly soluble in cold alcohol. Hehner and 
Mitchell (Analyst, 1896, 21, 323) have found roo c.c. of methylated 
alcohol (94.4% by volume) to dissolve the following quantities after 
being kept at o° for the time stated. 


No. of hours Grm. dissolved No. of hours Grm. dissolved 
12 I, 208-2 .320 108 r.086 
36 I.244 I32 I.044 
60 ipa has 156 I.028 
84 1.134 


Kreis and Hafner (Ber., 1903, 36, 2769) found 95% alcohol to dis- 
solve at 0° 0.56 gram. 

The hot alcoholic solution has an acid indication, and on cooling 
deposits the acid in tufts of small white needles. 

Crystallisation from hot alcohol may be employed to separate pal- 
mitic acid from oleic acid, and, if repeated sufficiently often, from its 
lower homologues myristic and lauric acids. Mixtures of palmitic acid 
with certain proportions of myristic or lauric acid are, however, said 
to be incapable of analysis by fractional crystallisation from alcohol or 
ether. Mixtures of these homologous acids in certain proportions melt 
at a lower temperature than either acid separately. The method of 
ascertaining the composition of such mixtures, including those con- 
taining stearic acid, is described on page 383 et seq. 

A method of separating palmitic acid from oleic and linoleic acids 
and their homologues is given on page 386. A method of separating 
palmitic and oleic acids, which is useful for analysing the product 
obtained by saponifying palm oil by the autoclave process, is described 
on page 406. Commercial palmitic acid may be examined in the 
same manner as stearic acid. 

Chittenden and Smith (Amer. Chem. J., 1885, 6, 217) find that 
the presence of free acetic acid increases the solubility of barium, 
magnesium, and lead palmitates in alcohol to such an extent as to 
render the separation of the acid in these forms incomplete. Further, 
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the precipitates undergo partial decomposition when washed, either 
with water or with alcohol containing acetic acid. 

Metallic Palmitates.—These present the closest resemblance to 
the corresponding stearates (page 399 ef seq.), and require but little 
separate description. Barium, magnesium, and lead palmitates are 
more readily soluble in alcohol, especially in presence of acetic acid 
than are the corresponding stearates. 

Adipocere, a wax-like substance found in large quantity in corpses 
buried under certain conditions, is said to consist largely of palmitic 
acid mixed with potassium and calcium palmitates. 

Aluminium palmitate may be prepared in a manner similar to the 
corresponding oleate. It is an elastic amorphous mass, insoluble in 
water, but dissolving in petroleum spirit and oil of turpentine to form 
very viscid solutions which have found applications as varnishes. The 
film of aluminium soap left on evaporation retains its elasticity, and 
is odourless and impervious to water (see J. Soc. Chem. Ind., 1882, I, 278). 
Aluminium palmitate has some practical interest as an ingredient of 
“oil pulp” or “thickener.” 

Palmitic Esters.—These present a close analogy to the corre- 
sponding stearates. 

Glyceryl Palmitates or Palmitins are obtainable synthetically by 
means similar to those employed for the preparation of the stearins. 
Chittenden and Smith (Amer. Chem. J., 1885, 6, 217) have given the 
following data: 


a-Monopalmitin a-Dipalmitin Palmitin 


Ioo parts of absolute alcohol, at 4-135 0.210 | 0.005 
20-21°, dissolve, 


Appearance of fat deposited) Small spherules, | Long curved | Groups of irregular 


from alcoholic solution, showing no dis- needles. crystals. 
tinct crystalline 
form. 
* Appeaance of fat deposited | Rhombic plates, | Warty masses. | Irregular doubly 
from ethereal solution, either single or in curved bodies, sin- 
branches. gle and crossedjin 
groups. 
Mie Dr arcltsiecotisns Iehisotatevsttenele aber eeas 53.0°! 61.0°? 62-64°3 
Solidifying-point ............ 62.5° 570° 45 -5-47° 


1 Krafft (Ber., 1903, 36, 4343) gives m. p. 72°. 

2 Probabl a monoglyceride: Griin (Ber., 1905, 38, 2284) m. p. 70 

3 Scheij (Rec. Trav. Chim., 1899, 18, 169) gives m. p. 65.1°, sp. Be °. ”8657/80° ; Guth (Zeit. 
Biol., 1902, 44, 78), m. p. 65. ra 


°°. 
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An isomeric modification of dipalmitin, the , has been obtained, 
m.p.67.2°. ‘There was also obtained a very stable mixture of 1 part 
of palmitin with 3 of dipalmitin. This product crystallised from 
alcohol in bunches of needles, which melted at 68° to 69° and solidified 
between 64° and 67°. 


STEARIC ACID. 
C.3H,,0,=C,,H,,COOH. 


The glyceryl ester of this acid occurs extensively in nature, es- 
pecially in the harder fats of the animal kingdom, such as mutton and 
beef suet. 

Pure stearic acid may be prepared by hydrolysing tallow with potas- 
sium hydroxide, decomposing the solution of the resultant soap with a 
dilute acid, and purifying the liberated fatty acids from oleic acid by 
crystallisation from hot alcohol. The pressed crystals consist es- 
sentially of a mixture of stearic and palmitic acids. It should be 
purified by recrystallisation, and 4 parts dissolved in such a proportion 
of hot alcohol that nothing will separate out on cooling to 0°. A solu- 
tion of 1 part magnesium acetate in boiling alcohol is added and the 
liquid allowed to cool, when magnesium stearate will separate (page 
384). The precipitate is filtered off, washed with cold alcohol, boiled, 
with water and hydrochloric acid, and the purity of the resultant 
stearic acid proved by a careful determination of the m. p. which 
should be 69.32° (de Visser). 

The commercial product commonly termed ‘“‘stearine’’ really con- 
sists of a mixture of free stearic and palmitic acids, and may be 
conveniently employed for the preparation of pure stearic acid, in- 
stead of tallow or other fat. The ‘“‘stearine’”’ may be at once dissolved 
in hot alcohol and the solution precipitated with magnesium acetate as 
above described. Commercial stearine often contains a considerable _ 
admixture of paraffin wax or other hydrocarbons, the absence of which 
should be proved before employing the substance for the preparation 
of stearic acid. 

Shea-butter, when obtainable, may be conveniently employed as a 
source of stearic acid, as the fatty acids produced by its hydrolysis 
consists solely of stearic and oleic acids, which can be separated per- 
fectly by repeated crystallisation from hot alcohol. 


STEARIC ACID. 399 


Stearic acid presents the closest resemblance to palmitic acid, the 
following being the most tangible distinctions: 


Palmitic acid Stearic acid 
NICS for aprenreen Gtty Monon apace wave teh arauere col cee cues arta 62.62° 69 .32° 
Be Day LOOM nsec sem ect lela vroncentderee erste Clare 275.5° 287° 
Solubility in cold absolute alcohol ............ 9.3% 2.5% 
Manner of crystallisation from alcohol ...:.... Tufts of small white} Nacreous lamin, 
needles. or needles. 
Behaviour with magnesium acetate .......... See page 384. See page 384. 
Matp ok lead soap itis ous noe aire e ciare 108°-112° 125° 


In the analysis of natural oils and fats, the palmitic and stearic acids 
are usually obtained together, the oleic acid being separated by treat- 
ing the lead soaps with ether, as described on page 390. In the 
mixture of palmitic and stearic acids thus obtained, the proportions of 
the two constituents can be approximately ascertained by one of the 
methods described on page 381 e¢ seq., but the rigidly accurate analysis 
of such mixtures is not at present possible. 

Commercial stearic acid differs much in quality and appearance 
according to its source, but usually consists of a mixture of stearic acid 
with more or less palmitic and, sometimes, oleic acid. Hydrocarbons 
and unsaponified fat may also be present, but the proportion of these 
impurities is seldom large. The method of assay is similar to that 
employed for oleic acid, with the addition of ascertaining the solidifying 
point by the “titer test,” from which the relative proportions of 
stearic and palmitic acids in the sample can be deduced; or, in the 
absence of hydrocarbons and unsaponified oil, the proportions of 
stearic and palmitic acids can be deduced from the results of the ti- 
tration with standard alkali (page 383). The proportion of oleic acid 
may be ascertained by multiplying the iodine-absorption by 1.11 
(page 378). . 

Metallic Stearates.—Stearic acid forms a well-defined class of 
salts, all of which, with the exception of those of the alkali-metals, 
are insoluble in water, and mostly in alcohol and ether. 

The stearates present very close resemblances to the palmitates, the 
chief tangible points of distinction being the more ready solubility of 
magnesium palmitate in alcohol and the different m. p. of the lead 
salts. Lead palmitate melts at 108°, according to Maskelyne, and be- 
tween 110° and 112°, according to Heintz, while lead stearate melts at 
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125°. Palmitates and stearates may also be distinguished by the m. p. 
and combining weights of the liberated fatty acids. 

Potassium stearate may be prepared by saturating a hot alcoholic 
solution of stearic acid with alcoholic potassium hydroxide, using 
phenolphthalein as indicator. On concentrating the solution and 
allowing it to cool, the potassium stearate crystallises in shining 
needles or laminz. It also separates on cooling a solution of 1 part of 
stearic acid and 1 of potassium hydroxide in 10 parts of water. The 
opaque granules formed may be purified by crystallisation from alco- 
hol. Or a boiling alcoholic solution of stearic acid may be mixed with 
an excess of a boiling aqueous solution of potassium carbonate, the 
liquid evaporated to dryness, the residue extracted with boiling alco- 
hol, and the filtered solution allowed to cool, when crystals of potas- 
sium stearate will be deposited. 

Potassium stearate dissolves in about 1o times its weight of water 
at the ordinary temperature, forming a mucilaginous mass. On heat- 
ing the solution it becomes clear, and if diluted with a large proportion 
of cold water hydrogen stearate of the composition KH(C,sH,.O,), 
separates in delicate, white, pearly lamine, while a basic stearate re- 
mains in solution. An analogous decomposition by excess of water 
is suffered by other alkali-metal salts of the higher fatty acids, and is a 
leading cause of their application as soaps. 

Ammonium stearate is obtained as a crystalline mass by incor- 
porating strong ammonia with melted stearic acid, and keeping the 
product over sulphuric acid till the excess of ammonia has evaporated. 
On further keeping in this manner, it gradually loses ammonia. 
(Wright and Thompson.) 

Sodium stearate resembles the potassium salt, but is harder. It 
is decomposed in a similar manner, but with greater facility, by excess 
of water, and is less soluble in alcohol than potassium stearate. So- 
dium stearate may be separated from sodium palmitate by fractional 
crystallisation from hot alcohol. 

Barium and calcium stearates are crystalline precipitates insoluble in 
water, The magnesium salt is similar, but soluble in boiling alcohol. 

Lead stearate, as prepared by double decomposition, forms a 
white amorphous powder, melting at 125° to a colourless liquid, which 
solidifies on cooling to an opaque amorphous mass. It is insoluble in 
water, alcohol, ether, or petroleum spirit. In these characters it is 
simulated by lead palmitate, myristate, arachidate, etc., but the lead 
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salts of oleic acid and its homologues, as also of linoleic and ricinoleic 
acids, are soluble in ether and petroleum spirit. 

Stearic Esters.—Ethyl stearate is prepared by passing es 
chloride into a solution of stearic acid, in absolute alcohol. It is also 
formed by boiling tristearin with sodium oxide, or with a quantity of 
alcoholic potassium hydroxide insufficient for its complete saponifica- 
tion. Ethyl stearate is a crystalline, easily fusible, wax-like solid, 
m. p. 33-7°, readily soluble in alcohol and ether, and _ b. p. 224° with 
partial decomposition, b. p. in a vacuum 139° or 154° (Krafft). 

Glyceryl stearates are obtainable synthetically by heating together, 
under pressure, suitable proportions of stearic acid and glycerol. Prod- 
ucts containing either 1, 2, or 3 molecules of the stearic radicle are 
thus obtainable. Another method of obtaining stearin consists in 
testing a By-tribromopropane and sodium stearate at 170-180° for 
ten hours. 

Monostearin and distearin do not appear to occur naturally, but 
glyceryl stearate is identical with the stearin which, in admixture 
with palmitin, constitutes the less fusible portion of solid fats. For 
brevity, this stearate is frequently called ‘‘stearin.” It is not identi- 
cal with commercial ‘‘stearine,’ which is a mixture of free stearic 
and palmitic acids obtained by the saponification of the neutral fats. 

Stearin forms white, shining nodules, fine needles, or pearly lamin 
resembling spermaceti. It is tasteless, neutral, and volatile almost 
without decomposition in a vacuum. Heated to a high temperature, 
it decomposes and gives off acrolein. It appears to exist in two 
isomeric modifications. As crystallised from ether it has a m. p. 
of 71.6°, sp. gr. 0.8848/60° (Scheij, Joc. cit.). If the crystals so ob- 
tained be heated 4° or more above the m. p., they are converted into 
a modification which solidifies to a waxy mass at 52°, and melts at 55°. 
If the latter be reheated a few degrees above the m. p., the original 
substance, melting at 71.6°, is obtained (Guth, loc. cit.). 

Stearin is insoluble in water and nearly insoluble in rectified spirit. 
In boiling absolute alcohol it dissolves freely, and is deposited in flocks 
on cooling. Stearin also dissolves readily in boiling ether, but the 
liquid retains less than 0.5% on cooling. It is readily soluble in fixed 
and volatile oils, and in carbon disulphide. When heated ina vacuum, 
it distils almost unchanged, but under the ordinary pressure it is decom- 
posed with formation of carbon dioxide, acetic acid, water, free carbon, 
and olefines of b. p. ranging from 190 to 245°. 

Vol. II.—26 
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Pure stearin does not change on exposure to air at the ordinary 
temperature. When impure, it is liable to become rancid, apparently 
owing to the presence of olein. Stearin readily undergoes saponifica- 
tion when heated with alkalis or other strong bases, with formation 
of a metallic stearate and glycerol. 


OLEIC ACID. 
GAL ley 


Oleic acid is one of the most widely distributed fatty acids, occur- 
ring as an ester in most non-drying fixed oils, especially almond and 
olive oils, and in smaller proportion also in solid fats, such as lard, 
palm oil, butter, and goose fat. 

For the preparation of pure oleic acid an oil rich in olein, as almond 
or olive oil, is saponified by alkali, the soap dissolved in water and 
decomposed by excess of dilute hydrochloric or sulphuric acid. White 
Castile soap may be employed as the starting-point, thus saving 
the trouble of saponifying. The use of commercial oleic acid is not 
to be recommended, owing to the frequent presence of hydrocarbons. 
The liberated fatty acids are separated from the aqueous liquid, and 
heated for some time on the water-bath with about 1 part of finely 
ground lead monoxide for every 20 parts of oil taken for the opera- 
tion. Excess of lead oxide should be avoided, as it occasions the 
formation of a basic oleate, which is subsequently treated with diffi- 
culty. The proportion of lead oxide prescribed is insufficient to com- 
bine with all the fatty acid, but the result is merely that a portion of 
the oleic acid remains in the free state, while the more powerful 
palmitic and stearic acids form lead salts. 

The product is next treated with about twice its volume of ether, 
which dissolves the lead oleate and free oleic acid, and leaves the lead 
palmitate and stearate unchanged. The solution is separated from the 
insoluble salts, and hydrochloric acid added until the aqueous liquid 
has a strongly acid indication even after shaking. The lower layer 
now contains lead chloride, while the ether retains the oleic acid. It is 
separated from the acid liquid, washed by agitation with water, and 
the ethereal layer removed and the ether evaporated off as rapidly and 
at as low a temperature as possible. 


According to E. C, Saunders, rectified spirit (sp. gr. 0.82) may be 
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advantageously substituted for the ether prescribed in the above 
process. 

The oleic acid obtained by the foregoing process is apt to retain a 
little colouring matter and products of oxidation. To remove these, 
Bromeis recommends that it should be cooled below its solidifying- 
point, and subjected to strong pressure between folds of filter-paper. 
The residual oleic acid is melted, again cooled, and the purification by 
pressure repeated. Another method of purification consists in dis- 
solving the oleic acid in ammonia, precipitating the solution by barium 
chloride, purifying the barium oleate by crystallisation from alcohol, 
and then decomposing it with tartaric or other suitable acid. 

Pure oleicacidis a colourless, odourless, tasteless oily liquid, having 
Sp. gr. 0.900 at 11.8°, 0.897 at 19°, and 0.876 at 100°. When cooled 
to about 4°, it solidifies to a white crystalline mass, and on cooling its 
hot alcoholic solution is deposited inwhite needles, m. p. 14°. Its 
purity should be tested by means of the iodine value—the pure acid 
has an iodine value go. 

Pure oleic acid is not altered by exposure and is neutral, but the 
impure substance gradually absorbs oxygen, becomes yellow, and 
acquires an acid indication and a rancid taste and smell. The 
altered product has a lower m. p. than the pure acid. Oleic acid 
is much thinner than the neutral fixed oils, and is less liable to 
leave a greasy stain. When applied to the skin it wets it almost 
like water, and is very rapidly absorbed. 

Oleic acid is insoluble in water, but dissolves with facility in alcohol, 
ether, carbon disulphide, chloroform, and hydrocarbons, and is also 
miscible with neutral fats and essential oils. The solution of oleic acid 
in alcohol usually has an acid reaction to litmus, a fact said to be due to 
the presence of impurities. It turns milky when largely diluted with 
spirit, but the turbidity disappears on adding a few drops of hydro- 
chloric acid. Oleic acid dissolves in ammonia and solutions of 
alkalies to form oleates, from which others may be obtained by double 
decomposition. 

Oleic acid may be distilled in a vacuum or in a current of super- 
heated steam at 250° without material alteration; but if distilled in 
contact with air it is partially decomposed, with formation of carbon 
dioxide, hydrocarbons, acetic, caproic, caprylic, capric, sebacic, and 
other acids. It has b. p. 153°/o mm., 264°/50 mm., 285.5°/100 mm. 

Sebacic acid, CsH,6(COOH),, is also produced when oleic acid is 
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rapidly heated with excess of alkali. Its formation is a characteristic 
test for oleic acid and its immediate homologues. To detect it the 
alkaline residue should be treated with boiling water, and the liquid 
acidified with acetic acid, again boiled, and filtered hot. The filtered 
liquid will, on cooling, deposit brilliant needles of sebacic acid, m. p. 
127°, and soluble in 1000 parts of cold or 50 of boiling water. 

When more strongly heated with potassium hydroxide, oleic acid yields 
potassium palmitate, oxalate and acetate, and free hydrogen, secondary 
products being also formed. The temperature necessary for this 
change is 300° to 320°. The process is commercially employed 
for the production of palmitic acid. The following formula expresses 
the main change which occurs: 

CgH,,0,+2KHO=KC..H,,0;+KC,0,07+8.. 

Small quantities of sebacic acid, caproic acid, caprylic alcohol and 
other compounds are also produced. The details of this process of 
manufacturing palmitic acid, for which nearly all fatty substances, 
except mare’s grease and suint fat, are available, have been described 
by W. Lant Carpenter (J. Soc. Chem. Ind., 1883, 2, 98. Compare 
also Lewkowitsch, J. Soc. Chem. Ind:, 1879, 16, 390). 

Oleic acid combines with a molecule of bromine to form dibromo- 
stearic acid, C,sH,,0,,Br, as a yellow viscous oil having a fruit-like 
odour. Oleic acid also combines in a perfectly definite manner with 
Hiibl’s reagent, and may be estimated by that means. 

Oleic acid is dissolved by concentrated sulphuric acid, a conjugate 
acid being. formed which has been used in Turkey-red dyeing and 
calico-printing. 

Strong nitric acid oxidises oleic acid, acids of the acetic and oxalic 
series (including succinic acid) being formed. 

By oxidation with potassium permanganate in presence of an excess 
of potassium hydroxide, oleic acid yields dihydroxystearic acid, a 
crystalline compound, m. p. 131.5 to 132°, and solidifying at 119° to 
122°, For details of preparation consult Le Sueur (Trans. Chem. 
S0c., 1901, 79, 1315). 

When oleic acid is heated to 200° or 210° in a sealed tube with 
amorphous phosphorus and fuming hydriodic acid, it assimilates 
hydrogen, and is converted into stearic acid. 

When the red fumes generated by acting on nitric acid by starch or 
arsenious oxide, or by a mixture of sulphuric acid and sodium nitrite, 
are passed for a short time into oleic acid carefully kept cold, the 
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liquid gradually thickens, and in the course of an hour or so solidifies 
to a crystalline mass of an isomer of oleic acid called elaidic acid. It 
may be purified by agitation with boiling water, followed by crystalli- 
sation from alcohol. 

Elaidic acid, C,3H,,0., forms large pearly plates, resembling benzoic 
acid, m. p. 51-52°, and distilling almost unchanged. B.p. 154°/o 
mm., 2669/50 mm., 287.8°/t00 mm. In the solid condition it is un- 
’ changed in the air, but in the fused state it readily absorbs oxygen, 
becoming yellow and pasty, and acquiring an odour like that of poppy 
oil. With bromine, fused potassium hydroxide, and phosphorus and 
hydriodic acid, elaidic acid behaves like oleic acid. Elaidic acid has a 
strong acid reaction, and forms a series of well-defined salts, all of 
which, if neutral, are said to be insoluble in water. Sodium elaidate 
crystallises from alcohol in silvery lamin, and the potassiwm salt in 
glistening needles. ‘The barium and lead salts are white precipitates. 

The property of forming an isomer of higher m. p. under the in- 
fluence of nitrous acid is not peculiar to oleic acid. It is exhibited 
also by its olein, by its homologues hypogeic, deglic, and erucic acids, 
by ricinoleic acid, but not by the fatty acids characteristic of the drying 
oils. 

Estimation of Oleic Acid.—When occurring in the free state and 
unmixed with other acids, oleic acid may be conveniently and accu- 
rately estimated by titration with standard alkali (page 9g). In 
presence of acids of the stearic series it may be titrated with Hiibl’s 
solution, each c.c. of N/1o iodine absorbed corresponding to 0.0141 
grm. of oleic acid. The estimation of oleic in presence of linoleic 
acid is described on page 378. 

Oleic acid may be estimated gravimetrically when in admixture 
with acids of the stearic series by utilising the solubility of its lead 
salt in alcohol, ether, or petroleum spirit, in the manner described for 
its preparation (page 402). The best method of applying the principle 
for analytical purposes is described on page 390. 

According to F. Sear, palmitic and oleic acids can be separated by 
heating the mixture with excess of zinc oxide and digesting the product 
in the cold with carbon disulphide. 

David’s method for estimating oleic acid in the presence of stearic 
acid, described in the third edition of this work, is inaccurate. 

A method for the approximate estimation of oleic and solid fatty 
acids in tallow is described on page 213. 
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Commercial Oleic Acid.—Commercial oleic acid is obtained by 
subjecting to hydraulic pressure the mixture of fatty acids produced 
by the hydrolysis cf tallow, palm oil, and similar fats. The ex- 
pressed liquid, technically known as “red oil,” contains a considerable 
quantity of palmitic and stearic acids, which separate out on keeping 
the red oil for some time at a low temperature. 

When fats are hydrolysed by the autoclave process, the products 
often contain a considerable proportion of unchanged fats. In con- 
sequence of the comparative facility with which palmitin and stearin 
are hydrolysed, the unaltered fat consists chiefly or wholly of olein, 
which, owing to its low m. p., becomes concentrated in the oleic acid 
expressed from the crude product. Hydrolysis under high pressure 
always tends to cause more or less decomposition of the higher fatty 
acids, and, when actual distillation has been resorted to, notable 
quantities of acetic, suberic, and sebacic acids are formed, and the 
two latter will remain with the oleic acid, together with certain hydro- 
carbons, apparently belonging to the paraffin series, which are always 
simultaneously produced. 

Commercial oleic acid, which is frequently, but improperly, called 
“oleine,”’ varies considerably in properties and composition. It is 
sometimes a clear liquid, ranging in colour from dark brown to pale 
sherry, while other specimens are quite pasty from separated solid 
fatty acids. By distillation in a current of steam, oleic acid may be 
obtained wholly free from colour, but possessing an acrid odour from 
the presence of decomposition-products. Undistilled oleic acid 
usually retains an odour suggestive of its origin. The sp. gr. is 
also variable, ranging from about 0.887 to 0.908, or even more, accord- 
ing to the proportions of hydrocarbons, neutral oils, and solid fatty 
acids which happen to be present. 

Mineral acids are sometimes present in sensible quantity in com- 
mercial oleic acid. They rarely interfere with its applications; but, if 
necessary, may be detected and estimated as on page 75, or by titrating 
the alcoholic solution with alkali and methyl-orange. 

The presence of an abnormal proportion of oxidation and secondary 
products of an acid character is indicated by agitating so c.c. of the 
oleic acid with 1 c.c. of a 10% solution of ammonia and s0 c.c. of water. 
Both the oleic acid and the aqueous liquid should by this means be 
deprived of any acid reaction of litmus. 

The presence of palmitic or stearic acid in commercial oleic acid 
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may be detected by saponifying the sample with alcoholic potassium 
hydroxide, adding a drop of phenolphthalein solution, and then acetic 
acid, drop by drop, until the pink colour is just destroyed. The liquid 
is then filtered, mixed with twice its weight of ether, and an alcoholic 
solution of lead acetate added. Any white precipitate may consist of 
stearate or palmitate of lead, and may be filtered off, washed with ether, 
decomposed with dilute hydrochloric acid, and the liberated fatty acids 
weighed. All ordinary commercial oleic acid will indicate the presence 
of foreign fatty acids when examined in this manner. 

Neutral fats will be indicated by the gradual separation of oily 
drops when equal volumes of the sample and of alcohol are heated at 
25° for some time, while a pure acid will give a clear solution when 
thus treated. A very delicate test for neutral fats in oleic acid is 
described on page 395. 

The presence of neutral fixed oils or hydrocarbon oils can also be 
inferred from the diminished proportion of alkali required, when the 
sample is titrated as on page 9. 5 grm. of pure oleic acid will 
require 35.47 c.c. of N/2 potassium hydroxide, corresponding to 
19.9% of KOH, and a combining weight of 282. Hence the percentage 
of oleic acid in the sample may be found by dividing the percentage of 
KOH required by 0.199. Any admixture of palmitic acid will increase 
the amount of alkali required. 

The neutralised liquid resulting from the last process may be 
treated with a known amount of standard alcoholic potassium hy- 
droxide, and examined by K6ttstorfer’s process, when each 1 c.c. of 
additional N/2 alkali neutralised will indicate the presence of 0.145 
grm. of neutral fixed oil in the sample. 

The liquid left after the second titration may be evaporated with a 
further quantity of alcoholic potassium hydroxide, the residual soap 
dissolved in water, and the solution agitated with ether, as described 
on page 79. ‘The ethereal solution is then separated and evaporated, 
and the wnsaponifiable matter weighed. 

In the case of an oleic acid obtained by distillation of an ordinary 
fat with superheated steam, the unsaponifiable matter or ether-residue 
obtained in the last process consists of hydrocarbons presenting the 
closest resemblance to those contained in the lubricating oils manu- 
factured from petroleum and bituminous shale. Hence no means 
exist at present by which an intentional addition of a moderate pro- 
portion of hydrocarbon oil to oleic acid can be positively detected. 
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According to Allen—the hydrocarbons normally present in distilled 
oleic acid range from 3 to 7%; and therefore any proportion notably 
in excess of the latter figure may be attributed to an intentional so- 
phistication of the product with mineral or shale oil. The addition 
of these adulterants to oleic acid is extensively practised, ‘although 
their presence greatly reduces the suitability of the oleic acid for one 
of its most important applications, which is that of greasing wool 
during the process of spinning. Any admixture of hydrocarbons 
reduces the property of ready saponifiability for which oleic acid is 
chiefly valued. 

The foregoing statement respecting the proportion of unsaponifiable 
matter present in distilled oleic acid applies to a product obtained by 
saponifying pure substances. Wool grease and the grease obtained by 
treating with acid the soapy liquors in which wool has been washed 
are much more impure articles. Besides the hydrocarbons formed on 
distilling such greases, the distilled product is liable to contain actual 
petroleum or shale products used in the wool-spinning, either inten- 
tionally or as adulterants of other oils, petrolewm employed for anti- 
septic purposes on the living sheep, and cholesterol and other unsaponi- 
fiable matters contained in the “‘suint”’ or wool fat. Hence, an esti- 
mation of the ‘‘unsaponifiable matter’? in such low-class oleic acids 
cannot be regarded as a reliable indication of the extent to which they 
have been adulterated by an actual addition of hydrocarbon oil. 
Some indication of the origin of the unsaponifiable matter may be 
obtained by treating the ether-residue with thrice its volume of rectified 
spirit, when the volume left undissolved may be regarded as in- 
dicating roughly the hydrocarbons present, while the cholesterol and 
solid alcohols from sperm or bottlenose oil pass into solution. (See 
“Wool Fat.’’) 

The following table are results obtained by Allen from an ex- 
amination of specimens of commercial oleic acid of very different 
qualities. The “free fatty acids’? were estimated by titration with 
standard alkali, and calculated to their equivalent of oleic acid; but 
in the case of the semi-solid samples containing much palmitic acid 
the result thus obtained is necessarily in excess of the truth. The 
percentage of ether-residue shows the “hydrocarbons, etc.,” in the 
samples, while the esters were in some cases determined indirectly, 
in other cases calculated from the result of Kéttstorfer’s saponification 
process, and in others deduced from the difference between the free 
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fatty acids of the original sample and the total fatty resulting from its 
saponification. The samples and .ether-residues to which an f/f is 
affixed were noted as being distinctly fluorescent: 
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The first 4 samples were manufactured by the autoclave process, 
A and C being derived from tallow. E and F were probably autoclave 
products, the latter being of French manufacture. G was obtained 
from tallow by lime-saponification, and H and I were probably 
distilled oleins from recovered grease. 

Granval and Valser (J. Pharm. Chim., [5], 1889, 19, 232) have drawn 
attention to the fact that commercial oleic acid is sometimes adulterated 
with the acids from linseed oil. Such samples have a sp. gr. of from 
0.912 to o.g1g and do not dissolve completely in nine volumes of rectified 
spirit. Shaken with an equal volume of sodium hydroxide solution, 
the mixture turns intensely yellow; pure oleic acid becomes grey, If 
the linseed-oil acids be present in considerable proportion, they may 
be detected by the high iodine number. Hazura (J. Soc. Chem. Ind., 
1889, 8, 641) adopts the following method: 50 grm. of the sample are 
saponified on the water-bath with dilute alcoholic potassium hydroxide. 
The potash soap is freed from alcohol and dissolved in 1,000 c.c. of 
water. This strong alkaline solution is gradually mixed with 1,000 c.c. 
of a 5% solution of potassium permanganate. After 1/2 to x hour, 
the manganese oxide is filtered off, the filtrate acidified with sulphuric 
acid, and again filtered. The filtrate thus obtained is neutralised with 
potassium hydroxide, concentrated to about 300 c.c., and again acidified 
with sulphuric acid, which produces a precipitate. The acid liquid, 
without removing the precipitate, is shaken with ether. If the pre- 
cipitate dissolves in ether, it consists of azelaic acid (C,H,,(COOH),) 
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and the original oleic acid is free from linseed-oil acids. If it does not 
dissolve, it is filtered off, recrystallised several times from water or 
alcohol, with the addition of animal charcoal, and, after air-drying, 
its m. p. determined. If this be above 160°, linseed-oil acids are 
undoubtedly present. 

Sulpholeic Acid.— When a non-drying fixed oil is cautiously treated 
with strong sulphuric acid, complex changes occur, the precise nature 
of which depends on the conditions of the experiment. P. Juillard 
(J. Soc. Chem. Ind., 1894, 13, 820) states that olein treated in the cold 
with sulphuric acid yields two acids—one monobasic, the other di- 
basic—which appear to be addition products of sulphuric acid and 
olein. They are soluble in water. Oleic acid treated with sulphuric 
acid produces at first hydroxystearo-sulphuric acid, C,,H,,(OSO,H)- 
CO,H, from which is formed hydroxystearic acid, C,,H;,(OH)CO,H. 

Metallic Oleates.—These form a well-defined series of salts, 
many of which have received practical applications. They may be 
obtained by dissolving the metallic oxide of which the oleate is required 
in warm oleic acid; but such a method does not give compounds 
of very definite composition. A preferable plan is to precipitate an 
aqueous solution of sodium oleate with a neutral solution of the salt 
of the metal of which the oleate is required. Zinc, aluminium, iron, 
lead, copper, bismuth, and other oleates are readily obtained in this 
way. 

These oleates are readily analysed by agitating them with ether and 
a dilute mineral acid, which should be sulphuric, hydrochloric, or 
nitric, according to the metal present. The metals pass into the 
dilute acid liquid, and may be estimated by the ordinary methods of 
mineral analysis. The oleic acid formed from the oleate is dissolved 
by the ether, and may be weighed after evaporating off the solvent. 
Any free oleic acid, neutral fat, or hydrocarbon (e. g., vaseline) which 
may have been present in the original substance will also be found 
in the ether-residue, and may be ascertained by the methods indicated 
on page 79 ef seq. 

With the exception of the salts of the alkali-metals, all the metallic 
oleates are insoluble in water, though they dissolve in many instances 
in alcohol, ether, carbon disulphide, and petroleum spirit. The 
calcium, magnesium, and iron oleates also dissolve in glycerol. 

Potassium oleate is the principal constituent of soft soap. It isa 
white, friable, deliquescent substance, which with a small quantity 
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of water forms a transparent jelly, soluble in alcohol or a moderate 
quantity of water; but decomposed on copious dilution into free alkali 
and a gelatinous hydrogen oleate, insoluble in water but readily soluble 
in alcohol. 

Sodium oleate, m. p. 232—235°, is a constituent of hard soap. It may 
be prepared pure by neutralising an alcoholic solution of oleic acid with 
sodium hydroxide and evaporating off the alcohol. It may also be 
obtained by the addition of sodium carbonate to hot oleic acid. It is 
not deliquescent, but by contact with air becomes gelatinous. Pure 
sodium oleate may be obtained in crystals from its solution in absolute 
alcohol, but not from aqueous alcohol or from the syrupy solution in 
water. 

Ammonium oleate is obtained in solution by treating oleic acid 
with cold aqueous ammonia. It is a gelatinous substance, soluble in 
water, and readily decomposing into ammonia and oleic acid. 

Barium oleate, Ba(C,gH,;;0,)., is a light crystalline powder, insoluble 
in water, and difficultly soluble in boiling alcohol. 

Magnesium oleate, Mg(C,sH,;0,)., is insoluble in water, but 
soluble in alcohol and petroleum spirit. 

Aluminium oleate is a soft, white, putty-like substance, insoluble in 
water, but soluble in ether and petroleum spirit. It has received a 
curious application, owing to its great tenacity and peculiar property 
of stretching into a thin string without breaking. It is made by 
saponifying whale, cottonseed, or lard oil with sodium hydroxide and 
adding the aqueous solution of the resulting soap gradually to a solution 
of alum. A tough, gummy precipitate of aluminium oleate, palmitate, 
etc., is formed, which constitutes the product known as “‘oil-pulp.”’ 
This may be dissolved in 4 or 5 times its weight of mineral lubricating 
oil to form ‘‘thickener,’”’ which is employed to impart a factitious 
viscosity to oil.t Such oil will readily form threads in dropping, and 
has a thick, glairy character. The false viscosity thus produced 
cannot be regarded as really increasing the lubricating value of the 


1 A sample of “oil-pulp,” the analysis of which is given in the Oil and Colourman’s Journal, 
4, 403, had the appearance of thick gelatin or soaked glue. It had a sp. gr of o.g21, 
and is said to have contained: 
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oil, and the use of aluminium soap for the purpose can only be re- 
garded as an adulteration. 

Ferric oleate is dark red, but otherwise resembles the aluminium 
soap. 

Cupric oleate is a dark green, wax-like substance, readily obtained 
by double decomposition. It becomes quite fluid at 100°, and dis- 
solves with green colour in all proportions of alcohol, ether, and fixed 
oils. 

Lead oleate, Pb(C,sH,,0,)., is the principal constituent of the 
“lead plaster” of pharmacy. As obtained by double decomposition 
it is a light white powder, m. p. 80° to a yellow oil, and solidifying on 
cooling to a brittle translucent mass. Lead oleate is quite insoluble 
in water, but soluble in alcohol and in ether, especially when hot. It 
is also dissolved by oil of turpentine and by petroleum spirit, the hot 
saturated solution in the last solvent solidifying to a gelatinous mass 
on cooling. The solubility of lead oleate in ether is utilised in analysis 
for the separation of oleic from palmitic and stearic acids. 

By boiling oleic acid with water and excess of lead oxide or basic 
lead acetate, a basic oleate is obtained which is nearly insoluble in 
ether. j 

Zinc oleate is a white unctuous powder, soluble in carbon disulphide 
and petroleum spirit. 

Many of the so-called commercial ‘‘oleates’’ are prepared by the 
use of Castile soap instead of pure sodium oleate. They are better 
described at “‘oleo-palmitates,’’ and for pharmaceutical purposes are 
probably equally suitable. 

Oleic Esters. 

Ethyl oleate is prepared by passing dry hydrogen chloride into a 
solution of oleic acid in three times its volume of absolute alcohol. 
Esterification takes place very rapidly, and the ester separates from 
the liquid as an oily layer. It has a sp. gr. of 0.870 at 18°, is soluble 
in alcohol, and is decomposed by distillation. Nitrous acid and its 
equivalents slowly convert it into the isomeric ethyl elaidate. 

Dodecatyl oleate and its homologues are said to constitute the 
greater part of sperm and bottlenose oils. 

Glyceryl oleates are obtainable synthetically by heating oleic acid 
and glycerol together in sealed tubes at 200° for 24 hours. 

“With excess of glycerol, the monolein is produced. With excess of 
oleic acid, olein is formed, and under special conditions the dioleate 
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is said to be obtainable. Monolein and diolein are not known to 
occur naturally, but olein occurs in many fixed oils, and may be 
obtained approximately pure by agitating olive or almond oil with a 
cold concentrated aqueous solution of sodium hydroxide, which, it is 
said, saponifies the palmitin and leaves the olein mostly unchanged. 
After 24 hours, water is added and the soap solution separated from 
the oily layer, which should be washed with dilute alcohol and filtered 
through animal charcoal. As thus prepared, olein is a colourless, 
tasteless oil, readily soluble in ether or in absolute alcohol, sp. gr. 
0.900 to 0.920. Pure olein is obtained when afy-tribromopropane is 
heated with sodium oleate, it has m. p. —5° to —4°, b. p. 235° to 
240°/18 mm. (Guth, loc. cit.). By treatment with nitrous acid it is 
converted into solid elaidin. It solidifies below 0°, can be distilled in a 
vacuum, and on exposure to air oxidises and becomes acid. 


SOAP. 


By HENRY LEFFMANN. 


Soap is ordinarily understood to mean the solid amorphous ma- 
terial obtained by treating common fats and oils with potassium or 
sodium hydroxide. The process is called “saponification.” This 
term and the term “‘soap”’ have, in chemistry, wider meanings than 
formerly, being applied to all processes in which esters are decomposed 
by metallic oxides or hydroxides, and even by some to the decomposi- 
tion of esters by water with or without the coincident action of enzymes; 
but this class of actions is best termed “‘hydrolysis.”’ For the general 
principles of these actions and the laboratory methods of saponification, 
see the section on ‘‘Esters” in Vol. 1. 

All common fats and oils yield glycerol as the alcoholic product of 
saponification, but the salts formed differ with each fatty material, as 
the acid radicles are different. The waxes can also be saponified, the 
process being strictly analogous to that with the fats and oils; but ap- 
preciable amounts of glycerol are not obtained, and the soaps are not 
in common use. Although all oxides and hydroxides may have some 
action on esters, yet in practice the materials used are potassium 
hydroxide and sodium hydroxide. The former produces rather slimy 
masses (soft soap) the latter usually firmer bodies (hard soap). Am- 
monium hydroxide has a limited action. The soaps produced by potas- 
sium, sodium, or ammonium hydroxide are somewhat soluble in water 
and alcohol, those produced by the other hydroxides are very sparingly 
soluble. Potassium and sodium soaps are not extracted from solution 
in water by shaking with carbon tetrachloride, ether, benzene, petrol- 
eum spirit, and carbon disulphide. These solvents may be employed 
to separate them from unsaponified oil, fatty acids, and hydrocarbons. 
The characters of the pure potassium and sodium salts of the more 
important fatty acids have already been described. 

Potassium soaps are deliquescent; sodium soaps, in the absence of 
free alkali, are not deliquescent. Both forms are readily soluble in 
hot water and alcohol; their concentrated solutions, in hot water or 
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alcohol, form a jelly on cooling. Copious dilution of the solution 
with cold water or the cooling of a hot dilute solution causes the pre- 
cipitation of an acid soap, while alkali or a basic soap remains in 
solution. This reaction has an intimate relation to the detergent 
properties of soap. Wright and Thompson (J. Soc. Chem. Ind., 1885, 
4, 630) investigated the extent to which neutral soaps of different kinds 
undergo hydrolysis by treatment with water, and obtained the results 
shown in the following table: 
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It appears from this table that the tendency of sodium laurate, 
palmitate, and stearate to undergo hydrolysis decreases with an in- 
crease of the molecular weight. The figures for tallow-rosin soap 
show that the presence of rosin soap does not materially affect the rate 
of hydrolysis of sodium oleate and stearate. Alkali causes a marked 
reduction in the extent of hydrolysis produced by a given amount of 
water. Thus, the tallow-rosin soap, in presence of an amount of 
sodium hydroxide equal to 15% used in producing the soap, under- 
went no decomposition by 150 molecules of water, only 0.1 by 250, 
and 1.3 by 2,000 parts of water. Other observers have obtained 
results not agreeing with the above. Rotondi found that water, es- 
pecially when hot, decomposes neutral soaps into basic and acid soaps 
without the formation of free alkali. Basic soaps dialyse easily, are 
completely soluble in cold water, and are precipitated by brine without 
decomposition, They act as solvents for the acid soaps and free fatty 
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acids, and emulsify fats without saponifying them. Carbonic acid 
renders basic soaps insoluble without the formation of free alkali; 
on warming the liquid re-solution takes place. Acid soaps diffuse 
with difficulty, are insoluble in cold water, and but little soluble in 
water, but are soluble in warm solutions of basic soaps. Acid soaps 
do not dissolve or emulsify either fatty acids or fats. 

The experiments of Krapps and Stern (Ber., 1894, 17, 1747) seem to 
prove that hydrolysis increases with the molecular weight of the fatty 
acids, but this conclusion is directly opposed to that of Wright and 
Thompson. 

Many resins, especially common rosin (colophony), form soaps 
with alkalies. These products are not usually commercial articles by 
themselves, but are found in large amount in cheap soaps. 

The soaps of commerce may be divided broadly into 2 classes— 
hard and soft. Hard soaps are made with solid animal fats, vegetable 
fat oils, or free oleic acid and sodium hydroxide; for soft soaps, fish oils 
or vegetable drying oils are used, saponification being effected with 
potassium hydroxide. Hard soaps may be thus obtained if a solid fat 
is employed, but a potassium soap is always softer than a sodium soap 
produced from the same fat. The hard soaps of commerce usually 
consist essentially of sodium salts, the excess of alkali and glycerol 
having been separated, but with soft soaps no such separation is at- 
tempted, the whole being boiled down together. Hence soft soaps are 
more caustic than hard soaps and contain impurities. The solid 
white granulations, termed ‘‘figging,”’ seen in soft soap consist of potas- 
sium stearate, and to produce them a small quantity of tallow is used 
in the manufacture. As the figging is commonly but erroneously re- 
garded as a proof of good quality, it is sometimes imitated by an ad- 
mixture of starch. 

Soaps have been classified by W. Lant Carpenter according to their 
method of production: 

1. Soaps produced by the direct action of fatty acids and alkali or 
by the decomposition of carbonates by fatty acids. 

2. Soaps produced by acting on a neutral fat by the precise quantity 
of alkali necessary for saponification, without the separation of any 
waste liquid, the glycerol produced by the reaction being retained by 
the soap. This class includes (a) soaps made by the cold process, and 
(b) soaps made under pressure. 

3. Soaps produced by the ordinary method of boiling in open ves- 

Wel key 


418 SOAP. 


sels, working with indefinite quantities of alkaline lye, the processes 
being controlled by the experience of the operator. The soaps of this 
class may be subdivided into (a) soft soaps, in which the glycerol is 
retained, potassium hydroxide being used; (0) the so-called “ hydrated” 
soaps, with sodium hydroxide in which the glycerol is retained, and of 
which ‘marine soap” may be taken as the type; and (c) hard soaps, 
with sodium hydroxide as a base, in which the glycerol is eliminated 
by addition of excess of brine or lye, comprising three kinds—curd, 
mottled, and yellow soaps. 

The so-called ‘cold process” of soap-making consists in mixing the 
fat, previously melted at as low a temperature as possible, with just 
sufficient sodium hydroxide solution (at about the same temperature) 
to effect complete saponification. The-process has the advantage of 
being simple, and is often employed for the manufacture of the cheaper 
kinds of toilet soap, since the low temperature employed prevents 
dissipation of the perfumes added; but the saponification is apt to be 
incomplete, tne product often containing both alkali and unsaponified 
oil, besides which only the purest materials are available, as the whole 
of the glycerol and extraneous matters are retained in the final product. 
Transparent toilet soaps made by the cold process are liable to contain 
a considerable proportion of alkali and sugar. 

‘Marine soap,” so called frora its property of forming a lather 
with sea-water, is made by boiling palmnut or coconut oil with sodium 
hydroxide solution of 1.163 sp. gr. The alkali is added gradually 
until the presence of a faint excess is indicated by the taste. It is 
often difficult to start saponification, but once begun it proceeds 
with rapidity, the mixture swelling up almost instantaneously to 
many times its volume. Additions of salt or brine, of sodium 
silicate, and of sugar are often made to this class of soap, samples 
of which may contain 70% of water. 

Sodium stearate suffers no marked change in contact with 10 parts 
of water, while potassium stearate is converted into a thick paste or 
viscid solution. Sodium and potassium palmitates closely resemble 
the corresponding stearates. Sodium oleate is soluble in ro parts of 
water and potassium oleate in 4 parts, forming a jelly with half this 
proportion. The consistency or hardness of soap is not dependent 
solely on the metal presént, but is greater in proportion to the stearin and 
palmitin preéxistent in the oil, and less in proportion to the olein in it. 

Sodium soaps are soluble in water, but insoluble in brine and other 
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strong saline solutions. When a moderately strong solution of hard 
soap is precipitated by addition of common salt, the composition of 
the separated soap is unchanged; but from very dilute solutions acid 
soaps are thrown down (see page 417). Potassium soap cannot be 
separated in a similar manner by adding potassium chloride to its 
solution. If common soap is added to the solution of a potassium 
soap, the precipitate consists of a sodium soap,an equivalent amount 
of potassium chloride being formed in the solution. Concentrated 
solutions of alkali and carbonates also separate either potassium or 
sodium soap from solution, but in weak alkaline liquids soap is readily 
soluble. Coconut and palmnut oil soaps consist largely of sodium 
laurate, and require a much larger proportion of salt to separate them 
from their solutions than is the case with any other varieties. Hence 
their use on board ships, as they form a lather with sea-water. The 
property possessed by common salt of precipitating soap from its 
aqueous solution is extensively employed for separating soap from 
glycerol, excess of water and alkali and impurities in the materials used. 

The oils and fats employed by the soapmaker are very numerous, 
the greater number of those classified in the tables, pages 69 to 73, 
doing duty in some form or under special circumstances. Be- 
sides the actual esters or neutral oils, the fatty acids obtained by 
saponifying palm oil, coconut oil, tallow, and other fatty oils are 
largely used, as are the fatty acids obtained from cottonseed oil and 
recovered grease. ‘Tallow is largely employed as such, but is super- 
seded to some extent by palm oil. Castor oil is extensively employed 
for making transparent toilet soaps. Lard soap is very white, solid, 
inodourous, and valuable for toilet use. Cottonseed oil is now em- 
ployed to a large extent. Hempseed oil, saponified with potassium 
hydroxide, is also much used for making soft soap. The product 
is green, pasty,and so soft that the least addition of water renders it 
liquid. Ordinary ‘‘yellow soap” is usually made by saponifying 
tallow or palm oil with sodium hydroxide. More or less resin is 
always added, but the use of too large a proportion renders the soap 
dark, soft, too readily soluble, and too strongly caustic. Soaps made 
from the drying oils are usually soft and flabby, and those from fish 
oils usually betray their origin by their odour. 

Soaps are liable to contain unsaponified oil or fatty acids on the 
one hand, and excess of alkali on the other. C. R. Alder Wright 
proposed the addition of ammonium salts, such as the sulphate or 
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chloride, in quantity sufficient to react with the free alkali which is so 
objectionable an ingredient of toilet soaps. The latter may exist 
either as alkali or carbonate, in addition to which there may be sul- 
phates, chlorides, silicates, traces of calcium, magnesium, aluminium, 
and iron compounds existing as impurities in the alkali used, common 
salt as a result of the precipitation of the soap with brine, and, in 
transparent toilet soaps, alcohol. The use of alcohol for purifying 
toilet soaps has the advantage of separating carbonates and neutral 
salts, but alkali dissolves with the soap. On subsequently evaporating 
the alcohol, the soap*remains as a more or less translucent mass, the 
transparency of which can be further increased by an addition of 
glycerol or cane-sugar, the latter substance sometimes being present 
in large proportion in so-called ‘‘glycerin soaps,” from most of which 
glycerol is absent. 

Besides the foregoing accidental impurities, legitimate additions are 
frequently made to soap. Thus, potassium and sodium carbonates 
are added to ‘‘cold-water soap” to communicate the power of lathering 
readily with hard water and to increase the detergent properties 
generally; sodium silicate is often added to soap intended for manu- 
facturing uses and, though objectionable in some cases, may be legiti- 
mate in others. Sodium aluminate is sometimes employed; and borax, 
which possesses some detergent properties is used. Petroleum naphtha 
to the extent of 10% is sometimes incorporated with soap. It is said 
to increase the detergent action. A soap of this kind, now largely 
sold, is prepared by mixing the petroleum product with a rosin soap- 
mass and adding this to a common soap. 

Small proportions of various substances are also added to soap as 
colouring and perfuming agents. Mbottling is produced by iron salts, 
ochre, ultramarine, or even more objectionable matters, such as 
vermilion and copper arsenite. Such additions remain as a residue on 
dissolving the soap in water or spirit, and should never exceed 1% 
even in mottled soap, and should be less in other varieties. The 
perfuming agents are mostly used in very small quantities and are 
ineffective, and in some of the medicated soaps the substances to which 
therapeutic properties of the soap are attributed are present in such 
small proportion that the same remark is applicable. 

Many forms of medicated soaps arenowsold. Among the substances 
added are carbolic and cresylic acids, thymol, naphthalene and creosote 
oils, petroleum, vaselin, camphor, and gelatin. 
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Insoluble and inert organic and inorganic substances are added to 
soap, either with the alleged object of imparting special characters, 
or manifestly to act the part of “filling” or adulterants. Among 
these are oatmeal, bran, sawdust, barium sulphate, steatite, china- 
clay, pipe-clay, fuller’s earth, sand, pumice-stone, kieselguhr, chalk, 
and whiting. Leffmann found 33% of mineral matter in a sample of 
red Castile soap. The so-called “‘sand soaps” now largely used for 
scouring purposes are usually mixtures of common soap, containing 
much rosin and some free alkali, with finely pulverised quartz. The 
proportion of quartz is often over 80%. Diatomaceous earth is also 
used. Inasample of a much advertised soap, said to contain milk and 
sulphur, neither of these bodies was found, but there was much china- 
clay and a notable amount of free alkali. 

Assay and Analysis of Soaps.—In analysing soaps care must be 
taken to obtain a fairly representative sample. In the case of hard 
soaps this is best effected by cutting a transverse slice from the middle 
of the bar or cake. A cylinder withdrawn from a cake by means of a 
cork-borer or cheese-sampler also affords a fairly good sample. The 
outer portion of a cake of soap may be dried out so as to be of markedly 
different composition from the bulk of the cake and should be rejected. 
In many cases it is necessary to reduce the soap to thin shavings or 
slices, which should be thoroughly mixed by shaking, and preserved in a 
well-closed bottle. 

A comparative assay of different soaps can be effected in a use- 
ful and simple manner by ascertaining what measure of a standard 
solution of the sample must be added to a 50 c.c. of a yery dilute 
solution of calcium chloride or sulphate solution in order to obtain a 
persistent lather on shaking. The soap solution is made by dissolving 
ro grm. of the sample in alcohol (sp. gr. 0.920), filtering, and diluting 
the filtrate with the same solvent to 1,000 c.c. The test is made ex- 
actly as in estimating the hardness of waters, the soap solution being 
added to the standard hard water in small quantities at a time until a 
lather is obtained on shaking, which remains for at least 5 minutes 
when the bottle used for the operation is placed on its side. The 
standard hard water may conveniently be prepared by exactly neu- 
tralising 40 c.c. of N/1o sulphuric or hydrochloric acid by cautious 
addition of lime-water, and diluting the solution to 1,000 c.c. when it 
will have a hardness of 14 degrees of Clark’s scale. 
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From the preceding list of the numerous substances occurring as 
frequent or occasional ingredients of commercial soaps, it is evident 
that the complete analysis of soap is sometimes a difficult and tedious 
operation. In the great majority of cases, however, the examination 
may be restricted to an estimation of the leading constituents, and 
of these some have a greater or less importance according to the pur- 
pose for which the soap is intended to be used. 

Manufacturers’ soaps should be tested for the proportions of water, 
total alkali, and crude fatty acids; while the percentages of hydroxide 
carbonate and silicate, fatty and rosin acids existing as soap, and free 
fatty acids and unsaponified oil are secondary determinations, though 
often important. 

Household and laundry soaps should be tested for the proportions 
of water, alkali as soap, alkali in other forms, and total fatty acids. 
Phenol should also be determined in soap said to contain it. 

Toilet and fancy soaps should be tested for water, alkali as soap, 
alkali in other forms, fatty and resin acids, glycerol, sugar, and insolu- 
ble matters. 

Medicated soaps should be specially examined for the proportion of 
the active or quasi-active constituent said to be present, such as phenol, 
sulphur, thymol, tar, and vaseline. 

The table on page 422 exhibits a systematic scheme for the complete 
analysis of even a complex soap. It is mainly based on the scheme 
drawn up by C. R. Alder Wright and C. Thompson, which is a modi- 
fication of that of A. R. Leeds, who appears in great measure to have 
derived his method from the first edition of this work. With the sub- 
sequent detailed instructions and extensions it includes methods of 
estimating or detecting the great majority of the substances met 
with in commercial soaps. The plan of procedure is so arranged as to 
permit of the examination of ordinary soaps being very simply con- 
ducted, while allowing any special ingredient to be sought for and 
determined. ; 

Water.—The proportion of water in soap is important, and its 
estimation requires considerable care. If the soap be a solid one, a 
fairly representative sample should be reduced to fine shavings by 
scraping with a knife. A known weight is then exposed for some 
time to a temperature of 40° or 50°, the heat being gradually raised 
to 100°, and continued at that temperature as long as loss of weight 
is observed. The soap should not be allowed to melt. A_ better 
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method is to dissolve about 2 grm. of the soap in the minimum quantity 
of hot strong alcohol, and to pour the liquid on a known weight of 
clean dry sand, which is then exposed with frequent stirring to a 
temperature of too®. The traces of alcohol present in transparent 
toilet soaps which have been purified by solution in spirit, are volatilised 
with the water, and if 50 or 100 grm. of the sample be mixed with 
sand or powdered pumice, and gradually heated in a retort to 120°, 
the alcohol may be deduced from the sp. gr. of the distillate. The 
water in soap may also be estimated rapidly, and with ample accuracy 
for most purposes, in a manner recommended by Watson Smith. 
From 5 to 10 grm. of the finely divided sample should be placed in a 
large porcelain crucible, set in a sand-bath which is heated by a small 
Bunsen flame. The soap is continually stirred with a glass rod 
(weighed with the crucible) having a roughed and jagged end, a 
peculiarity which greatly facilitates the stirring and breaking up of the 
lumps of soap formed toward the end of the operation. The operation 
is usually complete in 20 to 30 minutes, and is known to be at an end 
when a piece of plate-glass placed over the crucible (the flame being 
removed) no longer collects moisture. Care is required to prevent 
burning of the soap, but the odour thus developed is so characteristic 
that the manipulation is easily controlled. Smith finds the results 
trustworthy to 0.25%. 

The proportion of water in soap differs greatly. In the so-called 
‘‘dry soaps,’ and in some of the best kinds of curd soap, it does not 
exceed 16 to 20%, while in inferior soaps made from coconut oil it 
sometimes reaches 70 to 80%. 

Petroleum Spirit Solution.—Under ordinary circumstances, the 
material dissolved from dry soap on treatment with petroleum spirit 
consists merely of unsaponified fats or of free fatty acids. Insignificant 
proportions of unsaponifiable matter natural to fixed oils may also be 
present, and nitrobenzene and essential oils used for scenting the soap 
will also be dissolved. If Yorkshire grease has been used in manu- 
facturing the soap, the residue may contain cholesterol. Cetyl alcohol 
from spermaceti and myricyl alcohol from beeswax and carnaiiba 
wax will also be present if these waxes have been employed. If 
added to the made soap, of course the unsaponified waxes will be 
dissolved out, instead of simply the solid alcohols resulting from their 
saponification. If the presence of waxes is suspected beforehand, 
or from the amount or appearance of the residue obtained on evapo- 


ASSAY OF SOAP. 425 


rating a portion of the solution, the residual soap should be further 
exhausted with boiling toluene, which dissolves the wax-alcohols 
better than petroleum spirit. 

The residue from medicated soaps may also contain metallic oleates 
and free carbolic and cresylic acids, thymol, and hydrocarbons, such as 
vaselin and other neutral petroleum and tar products. 

When the nature or amount of the residue obtained on evaporating 
a small aliquot part of the petroleum spirit solution indicates the 
desirability of further examining it, the unevaporated portion should 
be treated in the manner directed in the following table: 


SYSTEMATIC SEPARATION OF UNSAPONIFIED MATTERS 
FROM SOAP. 


Agitate the solution in petroleum spirit with dilute hydrochloric acid, and separate. 


a. Acid Solution. Ex- |b. Petroleum Solution. Wash free from mineral acid by repeatedly 
amine for heavy agitating with small quantities of water. Add some alcohol and 
metals (e.g., Pb, Hg, titrate liquid with standard alkaliand phenolphthalein for esti- 
Cu, Zn) and alu- mation of fatty acids (page 433). Separate and agitate petroleum 
minum, which, if spirit several times with small quantities of sodium hydroxide 
found, must have solution, separating as before. 
existed in the soap 
as oleates, Potas- 
sium and sodium 


Petroleum Solution. Evpa jd. Alkaline Solution. Evaporate to 


> 


oleates may also orate at a low temper- small bulk, dilute with three meas- 
have been dissolved ature and observe odour, ures of strong brine, and filter. 
if the soap con- especially toward the end. | m 


tained much hydro- Weigh residue and then 
carbon. If metals estimate unsaponified fat |e. Precipitate |f. Solution. Acid- 
are found at this | by Ké6ttstorfer’s process | consists of | wlate with dilute 
stage, the amount (page 15). In absence of sodium salts of sulphuric acid, 
of fatty acids dis- waxes, the potassium hy- fatty acids ex- and separate 
solved by petro- droxide required divided isting in the | layer of phenols, 
leum spirit must be by 0.19 gives the weight soap either in or titrate portion 


corrected to ascer- of true fats, which de- the free state or of diluted so- 
tain the fatty acids | ducted from whole residue, as aluminium lution with bro- 
existing in the soap gives that of the hydro- or other me- mine, etc. (See 
in a free state. carbons, wax-alcohols. If | tallic oleates. page 426 and 
desired, these may be “Creosote Oils,’’ 
isolated as on page 78, eV ols bir.) 


and further examined. 


Hydrocarbons, such as petroleum, vaselin, and coal-tar oils, are 
sometimes, to a considerable extent, introduced into soap. Though 
incapable of saponification, they may exist in notable proportion without 
being suspected; for if not used in excessive amount, and especially 
if carnaiiba wax be also added, they remain in apparent solution when 
the soap is dissolved in water or alcohol, and, on decomposing the 
solution with an acid, they pass wholly into the oily layer of fatty and 
resin acids. 

Hydrocarbons may sometimes be detected by the fluorescence ex- 
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hibited by the ethereal solution of the fatty acids. If in considerable 
quantity, they may be partially separated by subjecting the dry soap 
to a gradually increasing heat, when the hydrocarbons will distil, to- 
gether with any other volatile matter which may be present. 

The most satisfactory means of detecting and estimating hydro- 
carbons in soap is to extract them by agitating the aqueous solution of 
. the sample with ether and alkali as described below. Any wnsapont- 
fied fat will, however, be simultaneously dissolved by the ether, 
and must be separated by saponifying the ether-residue with alcoholic 
potash, and again agitating the solution of the resultant soap with 
ether, or the original soap may be evaporated with alcoholic potash, 
and the residue dissolved in water and treated with ether. 

The directions given in the foregoing table do not require further 
comment, except in the case of the method indicated for the deter- 
mination of phenols. Phenol and cresylic acid, and some other sub- 
stances, are dissolved on treating the soap with petroleum spirit, 
and can be separated from the admixed fatty acids by precipitating 
the alkaline solution with brine, but the method is faulty for the 
following reason: soaps, and especially common household and soft 
soaps, are liable to contain free alkali which will react with the coal-tar 
acids added to form bodies not dissolved by petroleum spirit, and 
hence the phenols obtained are only that portion not taken up by the 
alkali present in the soap. 

The assay of soap for the percentage of phenols and other coal-tar 
products is most conveniently and accurately effected by the following 
process, which was extensively used by Allen: 5 grm. weight of the 
sample is dissolved in warm water with addition of from 20 to 30 c.c. 
of a 10% solution of sodium hydroxide, according to the proportion of 
phenols believed to be present. The cooled solution is then agitated 
with ether, and the ethereal layer separated and evaporated at a low 
temperatureand weighed. The odour toward the end of the evaporation 
and that observed on heating the residue will give considerable informa 
tion as to the nature of the admixture. Odours suggestive of gas-tar 
and burning gutta-percha are very common. The alkaline liquid 
separated from the ether is then treated in a capacious separator with 
excess of strong brine, which completely removes the fatty acids as 
sodium salts, while the phenols remain in solution. The liquid is well 
agitated to cause the soap to filter and is then passed through a filter. 
If the soap does not coagulate, an addition of a small quantity of tallow 
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or palm-oil soap, previously dissolved in water, will usually determine 
separation. ‘The precipitated soap is washed twice by agitating it 
with strong brine, the washings being filtered and added to the main 
solution, which is then diluted to 1 litre. 1ooc.c. of this solution (=0.5 
grm. of the sample of soap) is then placed in a globular separator, and 
acidulated with dilute sulphuric acid, when it should remain per- 
fectly clear. A precipitation at this stage indicates the incomplete 
removal of the fatty acids. In such case, 200 c.c. of the alkaline solu- 
tion should be treated with common salt in powder, the solution 
filtered through a dry filter, and roo c.c. of the filtrate acidified as before. 
Standard bromine-water is then added from a burette, the stopper of 
the separator inserted, and the contents shaken vigorously. More 
bromine-water is then added, and the agitation and addition repeated 
alternately until the liquid acquires a faint but permanent yellow tint, 
showing that a slight excess of bromine has been used. If crystallised 
phenol had been employed for making the soap, the addition of the 
bromine-water causes the precipitation of tribromophenol, C;5H,Br,O, 
in snow-white crystalline flocks, which allow the faintest yellow tint 
due to excess of bromine to be observed with great facility. If cresylic 
acid is the chief phenol present, the precipitate is milky aad does not 
separate well from the liquid, but the end of the reaction can still be 
observed. The addition of a solution containing a known amount of 
crystallised phenol is a useful device in many cases,-as the precipitate 
then curdles readily, and the yellow colouration can be easily seen. 
The bromine solution is made by mixing in a separator one measure 
of saturated bromine-water with two measures of water. This solu- 
tion is approximately 1%, and should be run out from the tap of the 
separator into the Mohr’s burette used for the titration. The burette 
should be closely covered, and the last few c.c. of the solution contained 
in it should never be employed for the titration, as it is apt to have be- 
come weak. The bromine-water must be standardised immediately 
before or after use, by a solution of phenol of the quality that is indi- 
cated in the sample acid, according to the kind of acid the titration 
chas indicated to have been present in the soap. This solution is made 
by dissolving 0.5 grm. of the phenol in 20 c.c. of a 10% solution of 
sodium hydroxide, together with 5 grm. of a non-phenolic soap. The 
solution is then precipitated with brine in the same manner as the 
sample, the filtrate diluted to 1,000 c.c., and roo c.c. acidulated and 
titrated with the bromine used for the sample. ‘The volume of bromine 
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solution used is that required by 0.050 grm. of phenol of approximately 
the same quality as that contained in the soap. 

The remaining portion of the liquid filtered from the precipitate of 
soap may be evaporated to a small bulk, acidified with dilute sulphuric 
acid, and the separated phenols measured, but the quantity is not 
sufficient to make the method satisfactory. It is generally better 
to employ the solution for the isolation of the bromo-derivatives. For 
this purpose it is acidified with dilute sulphuric acid (without previ- 
ous concentration), and bromine-water added in slight excess. From 
5 to 10 c.c. of carbon disulphide are then added, the liquid well agitated, 
and the carbon disulphide tapped off into a small beaker. The 
aqueous liquid is agitated with fresh quantities of carbon disulphide 
(5 of 5 c.c. each) till it no longer acquires a red or yellow colour. The 
carbon disulphide is then allowed to evaporate spontaneously, when a 
residue is obtained consisting of the brominated derivatives of the 
phenols present in the soap. If crystallised phenol of fairly good 
quality had been introduced into the soap, the bromo-derivative is 
obtained in fine long needles having very little colour, and, if all heating 
was avoided during the evaporation of the carbon disulphide, the 
weight of the residue multiplied by 0.281 gives a fair approximation 
to the amount of phenol; but if a crude liquid article has been employed, 
consisting mainly of cresylic acid the bromo-derivative will be deep 
yellow, orange, or red, with little or no tendency to crystallise, and the 
weight will not afford even a rough indication of the amount of coal- 
tar product present. 

Lewkowitsch considers the following rapid process sufficiently ac- 
curate for practical purposes: A somewhat large amount of the 
sample, say 100 grm., is weighed off, dissolved in hot water, the solution 
rendered strongly alkaline with sodium hydroxide, the soap precipi- 
tated with sodium chloride, the curd separated and washed with 
strong sodium chloride solution, the solution boiled down of the phen- 
olate to a small bulk, transferred to a stoppered measuring cylinder 
of 50 or 100 c.c. capacity, sufficient salt added so that some remains 
undissolved, and the liquid acidified with sulphuric acid. The volume 
of the separated phenols is then read off, and the number of cubic centi- 
meters taken as so many grm. 

The following table shows some of the results obtained in Allen’s 
laboratory by the assay of representative samples of commercial car- 
bolic soap. The descriptions given by the manufacturers are strictly 
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adhered to. Two samples described in the same words were manu- 
factured by different firms: 


Phenols Ether-residue 
Description of soap | 
Per- Nature Per- Odour on 
centage centage heating 
1. Medical carbolic soap; 20%] 30.5 Ditnoapiaenol octaves tahel|te le <tondcclall eeleie © seu aces 
DULCE not eens Pee 
2. Medical carbolic soap; 20%] 17.0 Pure phenol ........ 4.2 Gutta-percha. 
PIO Mar ene sales Meee e 
3. Carbolic toilet soap; 10%... 3.6 Pure phenol........ 2.0 Cayenne. | 
4. Carbolic toilet soap; 10% .. 3-4 Pure phenol ........ I.0 Gutta-percha. 
5. Transparent carbolic soap... 3.2 Pure phenol ¢ osc. 0. spubemlis steteiouee te 
6. Transparent coal-tar soap... | £15, Pure phenol........ Riel lsvace aeetaretatea te 
7. Domestic carbolic soap ..... | 4.8 Pure phenol........ scarica Se ubastoieesgale ete 
8. Domestic carbolic soap ..... 6.4 Common carbolic ... My en Nercceerarcere neat 
9, No; zcarbolic soap) ..3.. <0: 5-4 Common carbolic ... 5g gle ool a sonoha Savers 
Zo; Noy a-carbolic'soap 2io....-+ ak Common carbolic ... rips ms Setacetretatiactya 
DU aC eUP IOUCs SOA sistacche die etevs ance Liek Common catbolhe -hy.\eersO2 ‘lina Blek sien cokes 
Tan CarponcisOapl «ese. c cscs eee 0.5 Impiutrevcarbohe. “ett men imecnee acne 
13. Carbolic soft soap; 10% .... 9.9 Commonicarbolckios cl, uvicsullebtimeeoe ae 
14. Carbolic soft soap; 10% .... 8.2 Common car bolce mil aes. ls staa nee cere 
Deu Catrbolc SortiSOapiihencl sie cre one o.16 | Common carbolic ... Ra Pl eae Ctcitee ne 
16. Disinfectant soap: i::...... HONS Wie nae aoe alee ons 4.6 Coal-tar oils. 
Riyfs, Peaabyithaa(srhey | Golan an OmO ae o.75 | Impure carbolic ....| 4.6 Coal-tar oils, 


It will be observed that in No. 1 sample, described as containing 20% 
of crystallised carbolic acid, 30.5% was actually found, which result 
was confirmed by weighing the tribromophenol, which crystallised 
in well-formed colourless needles: In some cases the proportion of 
phenols found was notably less than the amount stated to be present, 
and this was especially the case with Nos. 3 and 4, though these were 
‘made by different firms. It must, however, be borne in mind that a 
loss of 2 or even of 3% of phenol is liable to occur through evaporation. 

C. Residue Insoluble in Petroleum Spirit.—The portion of the 
sample not volatile at 100° and insoluble in petroleum spirit constitutes 
the soap proper. 

In analysing soap of known origin and general composition it is 
often wholly unnecessary to go through the previous operations of 
drying and exhaustion with petroleum spirit. In such cases it is 
evidently preferable to weigh out ro grm. of the original soap and at 
once treat it with hot water. 

D. Aqueous Solution of the Purified Soap.—In most cases soap 
will dissolve almost completely in boiling water, but if a large quantity 
of the solvent be employed, hydrolysis occurs to a serious extent, and 
if such a liquid be filtered, a notable quantity of acid soap may be 
removed. Hence it is better, when possible, to separate any insoluble 
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matter by decantation. When the proportion of insoluble matter is 
inconsiderable, there is no occasion to separate it, as with proper 
management it will not interfere with the subsequent operations. An 
exception occurs in the case of calcium carbonate, which, if not 
removed will neutralise acid and render the figure for the total alkali 
too high. 

In many cases the aqueous solution of the soap may be advantage- 
ously agitated with ether at this stage. Such ‘treatment obviates 
the necessity of previously extracting the dried soap with petroleum 
spirit, while it removes hydrocarbons, unsaponified oil, and free fatty 
acids in a very satisfactory manner. The ethereal layer having been 
separated (see page 22), the aqueous liquid is again shaken with ether, 
which is separated as before. The ethereal solution may then be 
treated in exactly the same manner as is directed for the petroleum 
spirit solution on page 425, while the aqueous liquid can be at once 
titrated with standard acid, though for convenience of subsequent 
manipulation of the fatty acids it is desirable first to remove the dis- 
solved ether by boiling the solution in a capacious flask. 

E. Separation of Fatty Acids.—For decomposing the aqueous 
solution of the soap, N/1 sulphuric acid possesses some advantages, 
and should be used in moderation, an excess of 5 c.c. beyond that 
necessary to combine with alkali present being sufficient. Wright 
and Thompson prefer to substitute standard nitric acid, as it enables 
the sulphates to be estimated by barium chloride in one portion of 
the filtrate, and the chlorides by silver nitrate in another. 

The method of manipulation for the separation of the oily layer of 
fatty acids from the aqueous liquid depends on circumstances. 

When the soap is chiefly a stearate or palmitate, as that made from 
tallow or palm oil; the liberated fatty acids are solid when cold, and 
in such cases there is no better plan than to effect their precipitation 
in a beaker or vessel of such shape that the cake can be directly re- 
moved, wiped with blotting-paper, and weighed. Precipitation in a 
conical flask, is advantageous in some cases. 

If the fatty acids are liquid at the ordinary temperature or form a 
cake deficient in consistence, a known weight of dry, bleached bees- 
wax or stearic acid may be added to the hot liquid. The fatty acids 
become amalgamated with the melted wax, and, on cooling, a firm 
coherent cake is formed, which may be at once wiped and weighed. 
The weight of wax added (which should be about the same as that of 
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the soap employed) being deducted from that of the cake, the weight 
of the crude fatty acids is at once found. 

As a rule, it is preferable to effect the decomposition of the soap solu- 
tion in a stoppered separator, running off the aqueous liquid through 
a wet filter, and subsequently allowing the fatty acids also to run on 
to the filter, where they are washed with boiling water, and subse- 
quently treated as described on page 20. This method of treatment is 
the best when it is desired to make a further examination of the sepa- 
rated fatty acids. 

Coconut and palm nut oil soaps yield acids not wholly insolu- 
ble in hot water. In such cases the precipitation of the acids should 
be conducted in a tolerably concentrated liquid, which may be advan- 
tageously saturated with common salt. The washing of the separated 
acids should be restricted, and brine may be advantageously used, 
while the drying should be effected with as little exposure to heat as 
possible. 

F. Solution Separated from the Fatty Acids.—The method 
described in the table for determining the total alkali of soap is, 
in most cases, highly satisfactory. The result is not affected by 
the omission to treat the soap with petroleum spirit before dissolving 
it in water, and ordinary insoluble matters do not interfere. Ii, 
however, an insoluble carbonate be present, it will neutralise acid, and 
must be separated, or the figure for alkali will be too high (see 
page 437). 

Instead of at once adding an excess of standard acid, then titrating 
back, and thus ascertaining the volume required to neutralise the 
alkali of the soap, the standard sulphuric acid may be added gradually 
to the soap solution, until the neutral point, as indicated by methyl- 
orange, is reached. An excess of acid is then added and the fatty 
acids separated as before. 

The volumetric method of estimating alkali does not distinguish 
between potassium hydroxide and sodium hydroxide, and hence, if the 
nature of the alkali present be unknown, the estimation is simply an 
expression of the alkali in terms of one or the other. If further 
information be required, the examination must be made as described 
on page 438. 

The solution separated from the fatty acids and neutralised with 
standard alkali, will, of course, contain alkali-sulphates. In addition, 
it may contain many other substances, among which are, sodium 
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chloride, soluble fatty acids, glycerol, sugar, dextrin, starch, gelatin. 
For the detection and estimation of these it is necessary to operate on 
separate aliquot portions of the solution. 

If nitric acid has been used instead of sulphuric acid at the previous 
stage of the process, the sulphates may be estimated by precipitating 
an aliquot part of the solution with barium chloride. 

a. Sodium chloride may be estimated by titration with decinormal 
silver nitrate or deduced from the weight of the silver chloride 

/ precipitate. 

b. Soluble fatty acids rarely require estimation in soap. If the 
precautions on page 430 are adopted in separating the fatty acids from 
coconut and palm nut oil soaps, only insignificant quantities of soluble 
fatty acids will remain in the aqueous liquid. If desired, these may 
be determined by distilling the acidified solution, as described on 
page 19, but their amount may also be ascertained in the following 
simple manner: Titrate a certain volume of the solution with stand- 
ard alkali, using phenolphthalein as an indicator. ‘Titrate another 
portion of equal measure with the same alkali, using methyl-orange 
to indicate the point of neutrality. The alkali consumed in the second 
case corresponds to the free mineral acid only, while the difference 
between this and the first estimation gives the volume of alkali re- 
quired to neutralise the soluble acids present. 1 c.c. of N/1 alkali 
corresponds to 0.144 grm. of caprylic acid. 

Allen suggested the following as a method for estimating 
the total fatty acids in coconut and palm nut oil soaps as follows: 
Separate the fatty acids in the ordinary manner, but in as concentrated 
a solution as possible. Agitate the aqueous liquid with a little ether, 
separate, and extract any dissolved fatty acids from the ether by agi- 
tating with dilute sodium solution. Employ the alkaline solution ob- 
tained to neutralise the main quantity of fatty acids, and add a few 
drops of phenolphthalein, and then more alkali, drop by drop, until 
the pink colour just remains permanent. Then precipitate the hot 
liquid with a slight excess of magnesium sulphate, filter, wash with hot 
water, dry the precipitate at roo® and weigh. Ignite the precipitate 
and weigh the residual oxide. The difference is the weight of fatty 
anhydrides forming insoluble salts with magnesium. Evaporate 
the filtrate, dry the residue at 100°, and weigh. Ignite and weigh again. 


The difference is the weight of fatty anhydrides forming soluble salts 
with magnesium. 
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J. A. Wilson employs the following process in the presence of 
soluble fatty acids: 

1. The alkali in all forms is estimated by titration with standard 
acid in the usual manner. 

2. Another weighed quantity of the soap is decomposed in an 
Erlenmeyer flask with a slight excess of dilute sulphuric acid, and the 
flask kept on the water-bath until the fatty acids separate quite clear. 
The flask is placed in ice-water to cool and then filtered. The fatty 
acids are washed 3 times successively with 250 c.c. of boiling water, 
allowed to cool each time, and filtered. The united filtrates are 
diluted to 1,000 c.c., and 500 c.c. placed in a beaker and tinted with 
methyl-orange; N/ro alkali is then run in until the liquid acquires 
the usual colour, after which a little phenolphthalein is added and the 
addition of standard alkali continued until a permanent pink is estab- 
lished. The amount used in the latter titration is due to soluble acids 
and is calculated to caprylic acid. The fatty acids in the flask and that 
on the filter are dried and weighed, and then dissolved in alcohol and 
titrated with N/2 alkali. The amount so used, together with that re- 
quired for neutralisation of the soluble acids, deducted from the total 
alkali, gives the alkali existing in forms other than as soap. 

If desired, the soap may be decomposed with standard sulphuric 
acid, methyl-orange added, and the alkali required for neutralisation 
noted; this, deducted from the total acid used, would give the acid 
equivalent to the alkali existing in all forms. In this manner are 
ascertained: 

otal allkalltlyar men rocsielreene ke RP PHP sess fers cess mir! gs oc 
Gomlbined aleality yes acetate user: Vetere Wettasts lays sae hates 
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c. Glycerol may exist in soap. In the absence of sugar, it may be 
estimated with considerable accuracy by the permanganate process. 
When glycerol is present in considerable amount in soap, Lewkowitsch 
makes the estimation by dissolving it in water, separating the fatty 
matter with acid, and filtering off. The filtrate is then neutralised 
with barium carbonate and boiled down to the consistency of syrup. 
The residue is then extracted with a mixture of 3 parts of 95% 
alcohol and 1 part ether, the alcoholic solution filtered and evapo- 
rated on the water-bath to small bulk, and finally dried under a desic- 
cator. The glycerol in the residue may be estimated by the acetin 
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method. A more convenient method is that of Hehner with potassium 
dichromate (see under ‘‘Glycerol”’). The presence of sugar renders 
the above methods wholly useless, and one of the plans described 
below must be adopted. 

d. Sugar is rarely present except in transparent toilet soaps, but in 
these it.sometimes exists to the extent of 20 to 30% of the entire 
weight, or in a proportion approaching that of the anhydrous soap 
present. Such soap is sometimes sold as “glycerin soap,” though 
wholly destitute of glycerol. — 

According to Donath and Mayrhofer (Zeit. anal. Chem., 1881, 
383), the estimation of sugar and glycerol may be made by adding 
to the solution slaked lime sufficient to combine with the sugar and an 
equal quantity of washed and ignited sand, boiling down to the con- 
sistency of syrup, pulverising the cooled residue and exhausting it in a 
closed vessel with 80 to 100 c.c. of a mixture of equal parts of ether and 
alcohol. The glycerol will pass into solution, and, after cautious 
evaporation of the solvent, may be estimated by methods given under 
eGlycerol:”” 

Sugar may be estimated by Fehling’s solution, after inversion, 
without previously separating the glycerol, but the solution should be 
dilute and the boiling very limited in duration, or the glycerol may 
cause some reduction. 

In an aqueous liquid containing no other bodies than sugar and 
glycerol, the amount of glycerol may be deduced from the sp. gr. of 
the liquid. The sugar having been previously estimated by Fehling’s 
solution or other means, its effect on the sp. gr. can be readily cal- 
culated; and this being deducted from the observed sp. gr., gives 
that due to the glycerol present inthe liquid. See section on “‘ Glycerol.” 

Organic matters, such as starch, dextrin, gelatin, may be de- 
tected by special tests; but their recognition is more easy and certain 
in residue L, left on treating the purified soap with alcohol. 

G. Examination of the Oily Layer of Fatty Acids.—The 
separation of the liberated fatty acids from the acidified aqueous 
solution has already been described. If wax or stearic acid has been’ 
employed for the purpose of obtaining a solid cake, the further treat- 
ment of the fatty acids is practically limited to drying them and 
determining their weight. In many cases, however, it is of interest 
or importance to make a further examination of the oily layer, which 
in that case should be treated as described on page 22. 
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The oily layer may contain fatty acids, the acids of resin or col- 
ophony, coal-tar products which existed as salts in the original soap, and 
other bodies of acid character and limited solubility in water. If the 
treatment with petroleum spirit has been omitted, the oily layer may 
contain various hydrocarbons, waxes and wax-alcohols, unsaponified 
fat, etc. In such a case the proximate analysis is best made as in- 
dicated in the table on page 425. When only fatty and resin acids 
are to be estimated, they may be separated by Twitchell’s method 
(page 77); but it must be remembered that any unsaponified oil may 
contaminate the resin acid and be estimated as such. Resin acids 
may be detected by the Liebermann-Storch test (page 310). 

It is often important to ascertain the origin of the fatty acids from 
soap. in some cases this may be satisfactorily solved by a study of 
their physical and chemical properties. Thus, the melting- and solidi- 
fying-points of the fatty acids from various sources are given on pages 
69 to 73, and Archbutt has communicated the following obser- 
vations of the sp. gr. of the acids from several oils. The observations 
were made at the b. p. of water by means of a Sprengel tube, and 
the figures express the sp. gr. of the fatty acids at the b. p. of water, 
compared with water at 15.5°. 


Fatty acids from Sp. gr. Fatty acids from Sp. gr. 
Olive oil|;gentiine?. mses OF 9422 41\| Nigersecdiolle 5. fect 0.8546 
Olive oil, genuine...........-. ©25407|Mluinseed Olle.ke)s9s)ts sa ell) 0.8583 
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Much information can be gained by ascertaining the combining 
weight as described on page 377. The figures yielded by the acids 
from various oils are given on page 378, and in other cases they may be 
calculated from the saponification equivalents recorded on page 17. 
The combining weight of the insoluble acids is usually less than the 
saponification equivalent of the oil by about 13 to14. This statement 
only applies to those oils yielding about 95 to 96% of insoluble fatty 
acids on saponification. 

Similarly, the iodine absorptions of the insoluble fatty acids (p. 378) 
are more or less characteristic of their origin, but are subject to the 
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same limitations as are stated above to apply to the saponification 
equivalents. 

In cases in which the acids are practically insoluble in water, a 
titration in alcoholic solution with standard alkali and phenolphthalein 
affords a simple and accurate means of ascertaining the proportion of 
alkali existing in combination with the fatty and resin acids, as it is evident 
that the amount of alkali required for neutralisation of the separated 
acids must be the same as that with which they had been previously in 
combination. 

The fact that the soaps produced by the saponification of coconut 
and palm nut oils are not readily precipitated by solution of common 
salt, may, according to W. Lant Carpenter, be employed for detecting 
the presence of these oils in soap. A sufficient quantity of the soap 
should be dissolved in hot water, and the fatty acids liberated by 
acidifying the solution, and separated without special washing or use 
of ether. ro grm. of the fatty acids are treated with 39 to 40 c.c. of 
N/t sodium hydroxide or a volume just sufficient to dissolve them 
completely. The whole is then boiled and the weight of the liquid 
brought to 50 grm. by evaporation or cautious addition of water. A 
saturated solution of common salt (previously boiled with a few drops 
of sodium carbonate and filtered from any precipitate) is then run 
in gradually from a burette, the liquid being constantly stirred and 
kept gently boiling. The addition is continued until the soap sud- 
denly precipitates, a point which is usually sharply marked. The 
soap from ordinary oils is precipitated when from 8 to ro c.c. of the 
salt solution has been added, but that from coconut oil requires an 
addition of more than 50 c.c. Mixtures of the fatty acids from coco- 
nut or palm nut oil with those from other oils will of course require a 
volume of brine intermediate between these two limits. 

I. Exhaustion of. the Soap with Alcohol.—If the original soap is 
tolerably dry, ordinary rectified spirit is usually sufficiently strong for 
the treatment at this stage; but if the sample contain much water, 
absolute or nearly absolute alcohol should be used, or the solution will 
have an objectionable tendency to gelatinise during filtration and other 
inconveniences will arise. It is recommended by both Leeds and 
Wright that the portion of the soap to be treated with alcohol should be 
a part of that previously exhausted with petroleum spirit, but, as 
pointed out by C. Hope, it is not possible to dry soap effectually with- 
out a notable conversion of the alkali into carbonate. The treat- 
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ment with alcohol can be effected either in the Szombathy-tube, or by 
boiling the soap with the solvent, and filtering and washing in the 
usual way. 

K. Examination of the Alcoholic Solution.—a. The estimation 
of the free alkali existing in soap can be effected very simply and 
accurately by the method of C. Hope, described in the table, the error 
rarely exceeding 0.25% of the total free alkali present. The test may 
be applied qualitatively by dropping an alcoholic solution of phenol- 
phthalein onto a freshly cut surface of the soap, when a red coloura- 
tion will be produced, the intensity of which increases with the pro- 
portion of the alkali present. Caustic or carbonated alkali will also 
be indicated by the black or grey colouration produced by dropping 
mercurous nitrate on the freshly-cut surface. Each 1 c.c. of N/1 
acid neutralised represents 0.0471 grm. of potassium oxide, 0.0561 of 
potassium hydroxide, 0.031 of sodium oxide, or 0.040 of sodium hy- 
droxide. Should it be desired to ascertain which 1s present, the method 
described on page 439 must be employed. . 

It is possible to have a negative alkalinity shown at this stage. This 
result is due to the presence of fatty acid or a diacid salt, but acidity of 
the alcohol may produce the same effect. The volume of standard 
alkali required to be added before a pink colour appears should be 
calculated to its equivalent of oleic acid, which is stated in the analysis 
as existing in the free state. Any difference between this amount and 
that found in the petroleum spirit solution is due to a partial neutralisa- 
tion of the free acid coexisting in the imperfectly mixed soap. The 
following method of treating the alcoholic solution of a soap in such a 
manner as to allow of the estimation of the leading constituents in 
a very rapid manner has been communicated to the author by C. Hope: 
2 grm. of the soap are dissolved in hot absolute alcohol, a drop of 
phenolphthalein solution added, and carbon dioxide passed till any 
pink colouration is destroyed. The liquid is then filtered, the residue, 
consisting of total impurities, washed with hot alcohol, weighed, and 
then titrated with N/1o acid and methyl-orange to find the alkali 
not existing .as soap. ‘The alcoholic solution is evaporated to dry- 
ness at 100°, and the residue of dry soap weighed when constant. 
It is then ignited gently, treated with water, and the solution titrated 
with decinormal acid and methyl-orange to find the alkali existing as 
soap. The difference between this and the total residue before ignition 
gives the fatty anhydrides, which, multiplied by 1.03, gives the fatty 


438 SOAP. 


acids. The water is found with sufficient accuracy by subtracting the 
sum of the weights of the impurities and dry soap from 100.00. 

It is necessary to avoid confusion between the real alkali, 7. ¢., exist- 
ing in a soap in the form of potassium or sodium hydroxide, the appar- 
ent alkali, which corresponds to the soap, and that corresponding to 
carbonate, silicate, or borate. If the estimation is made in the alco- 
holic solution, as recommended, the actual hydroxide will alone be 
present, the other compounds capable of neutralising acid being in- 
soluble in spirit. On the other hand, the standard acid required to 
neutralise the aqueous solution of the soap (page 431) includes that 
corresponding to any soluble carbonate, silicate, and borate or aluminate 
in the sample. 

The alcoholic solution of the soap rendered neutral to phenol- 
phthalein may be conveniently employed to estimate the alkali exist- 
ing in combination with the fatty and resin acids of the sample. To 
effect this, it is merely necessary to add a few drops of methyl-orange 
solution to the neutralised liquid, and then at once titrate with standard 
sulphuric or hydrochloric acid. The point of neutrality is sharply 
marked by the production of a pink colour, and the accuracy of the 
results are all that could be desired. 

In order to prevent misunderstanding, the volumetric method of 
ascertaining the proportions of alkali existing in soap in various con- 
ditions may be recapitulated as follows: 

In alcoholic solution of soap.—t1. Acid required to establish neu- 
trality to phenolphthalein corresponds to free alkali, and is calculated 
to oxide or hydroxide, according to circumstances. 2. Acid subse- 
quently required by same solution to produce neutrality to methyl- 
orange represents the alkali converted into soaps of fatty and resin acids. 

In residue insoluble in alcohol.—3. Acid required to produce neu- 
trality to methyl-orange corresponds to alkali corresponding to carbonate, 
silicate, and borate. 

In aqueous solution of soap.—4. Acid required to produce neutrality : 
to methyl-orange corresponds to total alkali, whether existing as such or 
converted into true soap, resin soap, carbonate, silicate, borate, alum- 
inate, and soluble lime. This estimation should therefore agree 
with the sum of 1, 2, and 3, or if any 2 of these have been deter- 
mined the third will be the difference between their sum and the total 
alkali (4). 


The volumetric estimation of the alkali in soap gives no informa- 
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tion as to its nature. To ascertain this it is necessary to separate them 
as sulphates or chlorides. This is best effected by treating the alcoholic 
solution of the soap which has been used for the estimation of alkali, 
and is neutral to methyl-orange, with strong solution of barium 
hydroxide, until the formation of a permanent pink tint shows that the 
liquid is distinctly alkaline to phenolphthalein. A saturated solution 
of barium chloride is then added, as long as further precipitation occurs, 
when the liquid is filtered from the barium sulphate and barium soap. 
The filtrate is evaporated to dryness, and the residue cautiously 
ignited at the lowest possible temperature. The residue is dissolved in 
water, the solution filtered and treated with ammonia and ammonium 
carbonate, the precipitate filtered off, the filtrate again evaporated to 
dryness, and the residue gently ignited and weighed. In the mixed 
chlorides thus obtained, the potassium and sodium may be indirectly 
deduced from the percentage of chlorine present, obtained by dis- 
solving the residue in water, and carefully titrating 1/2 of the solution 
with N/ro silver nitrate, using neutral potassium chromate as an 
indicator. 

From this datum approximate calculation may be made by the fol- 
lowing formula: 


Per cent. of sodium chloride pet ee eo Ba eh 


0.1310 


If greater accuracy is desired, the potassium may be estimated with 
platinum chloride in the usual way. 

L. Residue Insoluble in Alcohol.—After drying and weighing 
the residue obtained at this stage, a minute quantity of it may be advan- 
tageously examined under the microscope, by which many substances 
will be revealed by their characteristic structure. Iodine solution 
will colour starch granules blue and render them more distinct. 

If starch is found by the microscope, it is sometimes desirable to 
treat the residue with cold water, and examine the solution thus 
obtained separately from that subsequently obtained by the use of 
boiling water. Starch and gelatin will be contained in the latter only, 
but sodium silicate may be present in both solutions, a serious 
complication. 

M. Examination of the Aqueous Solution of the Residue.— 
Before dividing the aqueous solution and titrating 1/2 with standard 
acid in the manner described in the table, it is sometimes desirable 
to make a direct estimation of the carbon dioxide evolved on treat- 
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ment with acid, so as to obtain a means of calculating the amount 
of soluble carbonate present. This is necessary when the soap contains 
borate or silicate in addition, but otherwise the carbonate can be de- 
duced with accuracy from the titration of the solution with standard 
acid. To ascertain the carbonate directly, the concentrated solution 
should be treated with a moderate excess of standard acid in a carbon 
dioxide apparatus, and the evolved carbon dioxide ascertained by the 
loss of weight, precipitation as barium carbonate, or measurement 
in a nitrometer. 44 parts of carbon dioxide correspond to 138.2 
of potassium carbonate or 106 of sodium carbonate. 

1. After expelling the last of the carbon dioxide by warming the 
acidified liquid, the solution should be divided into 2 or more 
equal parts, in 1 of which the excess of acid is estimated by titrating 
back with standard sodium carbonate and methyl-orange, and hence 
the sum of the alkali existing in the 4 forms of carbonate, silicate, 
borate, and aluminate ascertained, while the other portion is examined 
for borate, silicate, and aluminate as in 2. 

The solution which has been employed for the estimation of the 
total alkali of the residue may then be divided into 2 or more 
equal parts, which may be employed for estimating sulphates by 
precipitation with barium chloride, starch by the methods described 
in Volume I, and to test for gelatin by means of tannin. If gelatin 
be found, it is best estimated by treating another quantity of the soap 
with strong alcohol and applying the Kjeldahl method to the residue. 
Gelatin contains about 17.9% nitrogen. 

2. The other half of the aqueous solution of the residue insoluble in 
alcohol should be rendered distinctly acid with hydrochloric acid, and 
evaporated at roo° in porcelain. A slip of turmeric paper should be 
immersed in the liquid toward the end of the operation, and allowed © 
to remain until the evaporation is complete. If a borate be present, 
the paper will become brownish-red in colour, and will be changed to 
green, blue, violet, or black on addition of sodium hydroxide solution. é 
The residue is treated with hydrochloric acid, water added, and the 
solution filtered. The residue of silica is washed, dried, ignited, and 
weighed. As the sodium silicate present in soap is not of constant 
composition, though usually approximately corresponding to the 
formula Na,Si,O,, it is not possible to deduce the amount of alkali 

‘existing as silicate from the weight of the silica found; but, in the ab- 
sence of borates, it may be ascertained by estimating the carbon 
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dioxide evolved on treating the aqueous solution of the residue insoluble 
in alcohol with dilute acid. This estimation will give the means of 
calculating the alkali existing as carbonate, and the remainder of the 
alkali-of the residue must exist as silicate (or aluminate). 

The filtrate from the silica may be conveniently employed for es- 
timating sulphates by precipitation with barium chloride, or of 
aluminium by precipitation with ammonium hydroxide and of calcium 
in the filtrate by precipitation with ammonium oxalate. C. Hope 
states that free lime is not unfrequently present in soap, and may be 
detected and estimated at this stage. Its presence would tend to 
increase the ‘alkali’ of the residue insoluble in alcohol. 

N. Residue Insoluble in Petroleum Spirit, Alcohol, and Water.— 
After drying the residue at 100° and noting its weight, it is desirable 
to examine it under a low microscopic power, with a view of recognis- 
ing characteristic organic structures, which can be seen much more 
distinctly after the removal of the soluble matters. 

Whether any further examination of the residue is requisite neces- 
sarily depends on its amount and nature and the object of the analysis. 
Among the various constituents of such a residue the following list 
comprises those most likely to be present: 

t. Insoluble Organic Matters, such as sawdust, bran, woody fibre 
from oatmeal. 

2. Mineral Pigments and Colouring Matters, as red ochre, burnt 
umber, various other ferruginous materials, red lead, vermilion, 
Scheele’s green, chrome green, ultramarine. 

3. Mineral Matters used as Scourers, such as sand, powdered quartz, 
pumice, and infusorial earth. 

4. Mineral Matters used as Adulteranis or “‘ Fillings,” such as china 
clay, steatite, barium sulphate, chalk, and whiting. 

The systematic recognition and estimation of these and other 
possible additions belong to inorganic analysis. It is sufficient here to 
indicate the following simple method of classification with a view to 
facilitate further examination. 

Organic matters may be approximately estimated by igniting an 
aliquot portion of the residue. The loss will include the volatile con- 
stituents of china clay, whiting, red ochre, etc., as well as any ver- 
milion which may be present. 

By treatment with dilute hydrochloric acid, the original or ignited 
residue may be divided into soluble and insoluble constituents. The 
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former include whiting, chalk, ultramarine, Scheele’s green, oxide of 
iron, and the greater part of the ferruginous pigments; while barium 
sulphate, steatite, sand, quartz, pumice, kieselguhr, china clay, chrome 
green and vermilion are but little acted on. 

Interpretation of the Results of Analysis of Scape —Cal- 
culating from the equation of the reaction between sodium stearate, 
and any strong acid, it is found sodium stearate yields 92.8% of 
stearic acid. Similarly, the alkali used in forming the soap would be 
10.13%, so that the analysis would be— 


Sfearicyacid Gamers buss «MeL AAV ee Aetna oe. eee ee 92.81% 
Sodiuma! hydroxide ak, stn celts eerueyotsuets/ ees nearer aerate ete 10.13% 
102.94 % 


This statement shows an excess of nearly 3%, owing to the hydrolysis 
which takes place. It is evident that if the basic constituent of a soap 
be stated as anhydrous alkali, a correction must be made in the actual 
weight of fatty acid found to bring it to the corresponding quantity 
of anhydride. 568 parts of stearic acid correspond to 550 of stearic 
anhydride, and the proportions of the respective anhydrides corre- 
sponding to palmitic and oleic acids are not very different from the 
above. Hence in soaps made from palm oil, olive oil, and tallow the 
necessary correction of the observed weight of fatty acids to the 
corresponding quantity of fatty anhydrides may be made by multiply- 
ing by the factor 0.97, 100 parts of stearic acid representing ap- 
proximately 97 of stearic anhydride. In the case of coconut and 
castor-oil soaps, and many others made with mixed oils, this factor 
is far from accurate, and hence it is in all cases decidedly preferable to 
determine the mean combining weight of the isolated fatty and resin 
acids, as described on page 377, and calculate the corresponding 
weight of fatty anhydride therefrom. The mean combining weight 
of the anhydride is always 9 less than that of the corresponding acid. 
The usual figures for the fatty acids isolated from various fatty oils 
are given on page 378. 

Gassler (J. Soc. Chem. Ind., 1882, 1,370) gives the following analyses 
of German resin soaps in comparison with Sinclair’s “cold-water soap”: 


Description of soap F ae Resin | Soda | Talc | Water 
Germanssoap ase een ari aoe 50.2554 275 | T2975 jes. | LO.2s 
German SOAP titra eta aes, ARPES a cers 53-05 | 27.35) E2155 Vie) Gags 
Sinclair's Soap amine... slrlanteiiers eat 46.87 | 23.13 | 12.00 | r.00 | 18.00 
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444 SOAP. 


Many analyses of soaps have been published, but comparatively 
few are trustworthy. In many cases the observers appear to have 
stated the amount of fatty acids and alkali as deduced from the ash, 
the remainder being entered as “water, etc.’’ C. Hope furnished the 
valuable analytic data contained in the table on page 443. Samples 
ro and 18 were prepared by the ‘‘cold process,” and hence contained 
the glycerol produced by the saponification. This accounts for the 
sum of the estimated constituents being sensibly below 100.00. 
Samples, 3, 4, and 12 were the only three which contained free alkali, 
and in these it only reached the proportions of 0.16, 0.26, and 0.15% 
of sodium hydroxide, respectively. Hope points out that a striking 
feature of the analyses is the variable composition of the silicate exist- 
ing in the soap, although as added it is tolerably constant in compo- 
sition. This is attributed by Hope to the property possessed both by 
rosin and fats of taking alkali from sodium silicate, in which case the 
change will occur only in those soaps to which the silicate was added 
before saponification was complete. 

W. Lant Carpenter gives the following analyses in his treatise on 
Soaps and Candles: 


= faeey (Sada!) SO8* ) 98 tobe 
Description of soap acids as achion Silica | tral | Water| Total 
soap | forms salts 
Primrose soap as in south and west of] 62.3 | 6.7 |......|...... 0.2 32.8 |102.0 
England. : | 
Primrose map as in north of England.) 42.66) 5.41 | 1.21 | 0.94 | 0.55 | 50.40\101.17 
Genuine ‘‘cold-water’’ soap ........ 4002 | 923 1.8 1.6 0.4 22.0 |503.3 
Manufacturers’ neutral curd soap....| 67.9 | 7.0 oc ee ewes: 0.2 28.0 |103.1 
Be ener eers. brown oil soap, from} 68.60) 7.88 | 1.00 |...... I.00 | 21.00] 99.48 
oleic acid. 


Partial analyses of various representative samples of carbolic soap 
are given on page 429. 

Analyses of soft soap published show the proportion of water in 
samples of good quality is usually between 35 and 45%. The potas- 
sium oxide ranges from 8.8 to 11.2%. 

In forming an opinion as to the quality of a soap, the application to 
be made of it is a primary consideration. In practice, water in 
moderate proportion must be regarded as a useless but unavoidable 
constituent; but, if present in the enormous proportion sometimes 
observed, it can only be regarded as an adulterant. 
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In some of the best brands of opaque toilet soap made by special 
methods, the proportion of water does not exceed ro or 12%, but the 
majority of the best qualities of soap, known as Marseilles, curd, brown 
Windsor, honey, and primrose, contain from 17 to 24% of water. In 
some of the transparent toilet soaps, made by solution in alcohol, the 
proportion of water is very small (9 to 10%), but this advantage is 
more than counterbalanced by the presence of 20 to 30% of sugar. 
Transparent soaps made in other ways, as by the “cold process,” 
rarely contain half their weight of actual soap, the remainder con- 
sisting of water and sugar. 

Practically, the proportion of alkali in a soap is the best single test 
of its quality, but here again a distinction must be drawn between 
alkali existing in combination with fatty and resin acids, or, in: other 
words, as true soap, and that existing in other conditions, particularly 
the caustic state. Wright arranges toilet soaps in three classes, accord- 
ing to the proportion the “free” or inorganic alkali bears to the alkali 
existing as soap. ‘Thus, soaps containing less than 2.5 parts of free 
alkali for roo of alkali as soap are arranged in the first class; those 
containing between 2.5 and 7.5 in the second, and those containing 
more than 7.5 in the third class. In judging of the quality of a 
toilet soap, Wright also takes into account the freedom of the soap 
from adulterants, ‘‘filling,” water, and “closing up” agents, and 
from poisonous colouring matters; as also the nature and quality of the 
fatty matters used as basis and. their freedom from rancidity. 

Although the absence of a notable proportion of ‘‘free”’ alkali is 
important in the case of toilet soaps, owing to its powerful action on 
the skin, it does not follow that a similar absence is advantageous 
under other conditions. On the contrary, for scouring and household 
purposes, a limited proportion of alkali is advantageous, and in the 
case of some soaps used by manufacturers the presence of considerable 
proportion of alkali is essential to success, a solution of alkali with 
sufficient soap in it to cause lathering being preferred. A neutral 
soap, however pure, will for such uses be regarded as deficient in 
“strength,” and will often cause trouble through the precipitation of 
free fatty acid or acid soap in the fabric with which the soap is used. 

The nature and origin of the acids are sometimes of interest in 
judging of the suitability of a soap for certain purposes. The presence 
of rosin acids and of the acids from coconut or palm nut oil can be 
ascertained as noted under G (p. 434), and it is rarely of interest to in- 
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quire further, except in the case of soap containing coal-tar bodies, 
which can be examined as described on page 426. 

The permissibility of additions to soap must be judged on the 
merits of each case, but, as a general rule, the less extraneous matters 
present the better. It is said that, for some purposes, as in the treat- 
ment of wool and silk, a small proportion of starch is an advantage. 
In contracting to supply manufacturers of textile fabrics, the soap- 
maker is frequently obliged to settle definitely the proportions of 
fatty acids, resin, alkali, and potato-starch which shall be present in 
the soap. A soap suitable for fulling cloth and for other purposes 
should not contain less than 40% of fatty acids nor more than 5% 
of rosin and 6 of potato-starch. 

Dextrin, sugar, starch, Irish moss, and gelatin are in most cases 
purely adulterants, as also are kaolin, barytes, and other insoluble 
earthy matters; but soluble carbonates, silicates, and borates have 
marked detergent properties. 


In a complete analysis of a soda soap, the constituents may be 
stated in the following manner: 


%. % 

PH athy ABhVATIGeS ay sm... salle +. crepateie eens co einee = 

2 SOC age xiStin exes SOM Dsante eaten el eee = 
SICA acer costs cine oe eee eee eC ea — 

2Soda existing las:silicate mem sae eee ten 1 tenn =} a 

2S Odlum Car Donate Lae eerie eke ele eee — 

ZS Odum aly GEOXIG Gomeen on eee een eet meter —_ 
Sodiumsulphatesva.m) apse oe Saleen == 
SOGMMNCHOTide: scr « Aue asd Se ere eee ene — 
Calcium oxide sien ni (puke 5 ok waste eae — 


1=Fatty acids—%, 
2=Total detergent alkali, as sodium oxide—%. 


CiIVGEROL. 


(GLYCERIN.) 


By W. A. DAVIS, B. Sc:, A. C. G. L. 


Glycerol is obtained by the saponification or hydrolysis of fats and 
oils, which are mixtures of glyceryl esters of palmitic, stearic, and 
oleic acids principally (see p. 7). As it is always formed in small 
quantities during the fermentation of sugar, it is a constant constituent 
of fermented liquors. The name glycerol will be used in this article 
to refer to the chemical individual a@(@;- trihydroxypropane, the term 
glycerin being restricted to commercial varieties of glycerol. 

Pure glycerol is a colourless, odourless, very viscous liquid, with a 
sweet taste. M.p. 17° (Henninger, Ber., 1875, 8, 643); 20° (Nitsche, 
Jahresber., 1873, 323). B. p. 290°/760 mm. (corr.) (Mendeléeff, 
Annalen, [16], 1860, 114, 117); 210°/50 mm. (Bolas, Tvans., 1871, 
9, 84); 179.5/12.5 mm. (Scheij, Rec. Trav. Chim., 1899, 18, 181); 
162-163°/10 mm. (Richardson, Trans., 1886, 49, 764); 143°/0.2 mm. 
(Fischer and Harries, Ber., 1902, 35, 2158). The following table 
gives the sp. gr. and refractive index of carefully purified, anhydrous 
glycerol at different temperatures according to Scheij (Rec. Trav. Chim., 
1899, 18, 181): 


Sp. gr. Np 
BOO scat svassgssareya: sie 69: sus, Siete BA Wye 2OOAG < Wiapeceere sacs sacaustits I .47280 
PICO HNS Gao 5 BECR Ait eee CT ORE TAT Licteaabiaeh tes sassatou for beth 1.46866 ~ 
OOS pare easyn, teenie t os mistete seers SRO 38 Ow atateder vena lan ccnebertees I .46320 
IC e,.6.4 6 thalyG oe eRen Oey eae ene ley a.e.ct a Soma Cae I.45830 


The glycerin used, distilled between 162 and 163° under 10 mm, 
pressure; the sp. gr. values are with reference to water at 4°. 

The following tables give the values obtained by different workers 
for the sp. gr. and refractive index of purified glycerol and of its 
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aqueous solutions. The values given by Lenz (Zeit. anal. Chem., 
1880, 19, 297) are generally regarded as the most accurate; he em- 
ployed glycerol the composition of which was calculated from an 
elementary analysis. Strohmer (Monatsh., 1884, 5, 61) used crystals 
of glycerol from which adhering liquid had been removed by pressure. 
Gerlach’s glycerol (Die chem. Ind., 1884, 7, 281) boiled constantly 
at 290°. Nicols’ values are given in Pharm. J., 1887 [3], 18, 302; the 
glycerol boiled constantly at 210° under 50 mm. and was a practically 
pure substance as judged by a combustion. The values recently given 
by Martinez-Strong (Anal. Fis. Quim., 1908, 6, 75) are of doubtful 
accuracy. 


SPECIFIC GRAVITY OF AQUEOUS SOLUTIONS OF PURE GLYCEROL, 


(LEWKOWITSCH.) 
Lenz Strohmer Gerlach Nicol 
Glycerin | Sp. gr. at Sp. gr. at Sp. gr. at Sp. gr. at Sp. gr. at 
6 r2-1g°/r2° | 17.5°/17.5° | 15°/15° 20°/ 20° 20° / 20° 
I0o 1.2091 1.262 1.2653 1.2620 1.26348 
99 1.2664 I.259 1.2628 1.2504 I.26091 
- 98 1.2637 1.257 1.2602 1.2568 1.25832 
97 1.2610 I.254 1.2577 1.2542 1.25572 
96 1.2584 T2659 I.2552 I.2516 Heh aae 
95 1.2557 1.249 1.2526 I.2490 1.25052 
04 1.2531 1.246 I.2501 1.2464 1.24790 
93 1.2504 I.244 1.2476 1.2438 1.24526 
92 1.2478 I.241 I.2451 I.2412 I.24259 
gl 1.2451 1.239 1.2425 1.2386 I.23990 
go 1.2425 1.236 I.2400 1.2360 I.23720 
89 1.2398 1239 1.2373 2338 1.23449 
88 1.2372 23) 1.2346 1.2306 1.23178 
87 1.2345 1.228 I.2319 1.2279 I.22907 
86 1.2318 1,226 I,2292 1.2252 I.22636 
85 1.2292 1.223 1.2265 1.2225 1.22365 
84 1.2265 1.220 I,2238 1.21908 1.22094 
83 1.2238 1.218 I,2211 L217 L 1.21823 
82- 2202 ied 1.2184 I.2144 I.21552 
81 I.2185 E203 T.2557 I.2I17 1.21281 
80 1.2159 I.210 1.2130 I.2090 I.210I0 
79 I.2122 1.207 I.2102 1.2063 1.20739 
78 1.2106 1.204 1.2074 1.2036 1.20468 
oh} 1.2079 I.202 1.2046 I.2009 1.20197 
76 1.2042 1.199 1.2018 1.1982 I.19925 
95 1.2016 I.196 I.IQ90 1.1955 1.19653 
74 1.1999 1.193 I.1962 1.1928 I.19381 
Ws 1.1973 I.1go 1.1934 I.IQOL I.IQIOQ 
72 I.IQ45 1.188 I.1906 1.1874 1.18837 
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SPECIFIC GRAVITY OF AQUEOUS SOLUTIONS OF PURE GLYCEROL. 
(LEWKOWITSCH.)—Continued. 


| Lenz Strohmer Gerlach Nicol 
| | 
Glycerin | Sp. gr. at Sp. gr. at Sp. gr. at Sp. gr. at Sp. gr. at 

% UPA? || Sey Ope ES use 20°/20° 20°/ 20° 
71 1.1918 1.185 1.1878 1.1847 1.18565 
70 1.1889 1.182 1.1850 1.1820 1.18293 
69 1.1858 I.179 = = 1.18020 
68 1.1826 1.176 = = sea yi yf 
67 1.1795 1.173 ia =a 1.17474 
66 1.1764 a0 = I.I7201 
65 1.0733 1.167 rey yaa 1.1685 1.16928 
64 I.1702 1.163 = — 1.16654 
63 1.1671 1.160 a = 1.16380 
62 1.1640 I.157 a == 1.16107 
61 1.1610 1.154 = oa 1.15834 
60 1.1582 Tense 1.1570 I.1550 I.I5561 
59 1.1556 I.149 = = 1.15288 
58 1.1530 I.146 aS = I.I5015 
57 I.1505 T.144 = == 1.14742 
56 1.1480 I.142 = == 1.14469 
55 T.1455 I.140 1.1430 T.I415 1.14196 
54 1.1430 ale 7) = = 1.13923 
53 I.1403 D035 se == 1.13650 
52 1.1375 1.133 a = ETS 11 
ie 1.1348 1,130 = = I.1Z104 
50 I.1320 1.128 I.1290 1.1280 I.12831 
45 1.1183 a I.II55 I.II45 I.11469 
40 I.1045 _— I.1020 1,IOLO I.10118 
35 1.0907 — 1.0885 1.0875 1.08786 
30 I.0771 = 1.0750 1.0740 1.07469 
25 1.0635 = 1.0620 I.0610 1.06166 
20 1.0498 — I.0490 1.0480 1.04884 
5 1.0374 = = — 1.03622 
Io I.0245 — T.0245 1.0235 1.02301 
5 , 1.0123 = = = I.01184 
fe) I.0000 —_ I.0000 I.0000 I.00000 
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TABLES OF THE REFACTIVE INDEX, Np AT 12.5 TO 12.8° OF 
AQUEOUS SOLUTIONS OF GLYCEROL (LENZ). 
ee eee ee ee eee Eee 
anhydrous % anhydrous = % onhydrous N 
a slyceral Np glycerol Np glycerol Dp 

I0o I.4758 66 1.4249 32 I.3745 
99 1.4744 65 I.4231 31 T3732 
98 1.4729 64 I.4213 30 1.3719 
97 D4 7 63 I.4195 29 I.3706 
96 I.4700 62 I.4176 28 I.3692 
95 1.4686 61 1.4158 27 1.3679 
94. I.4671 60 I.4140 26 I.3666 
93 I.4057 59 I.4126 25 1.3652 
92 1.4642 58 I.4114 24 1.3639 
QI 1.4628 57 I.4102 23 1.3626 
go I.4613 56 I .40Q1 22 1.3612 
89 1.4598 55 T.4079 21 1.3599 
88 1.4584 54 I.4065 20 1.3585 
87 I.4569 53 I.4051 19 Teg ye 
86 I.4555 52 I .4036 18 1.3559 
85 I.4540 51 I .4022 By] 1.35406 
84 I.4525 50 I.4007 16 E3580 
83 1.4511 49, 1.3993 15 1.3520 
82 1.4496 48 1.3979 14 1.3507 
81 1.4482 47 1.3964 13 I.3494 
80 1.4467 46 I.3950 12 1.3480 
79 1.4453 45 I .3935 II 1.3467 
78 1.4438 44 1.3921 10 1.3454 
we 1.4424 ( 43 T .3906 9 1.3442 
76 I.4409 42 I.3890 8 I.3430 
75 1.4395 41 1.3875 7 1.3417 
74 1.4380 40 1.3860 6 1.3405 
73 1.4366 39 1.3844 5 1.3392 
72 I.4352 38 1.3829 4 I.3380 
71 1.4337 37 1.3813 3 1.3367 
70 I .4321 36 1.3798 2 T3355 
69 1.4304 35 1.3785 I 1.3348 
68 1.4286 34 P3772 ° I .3330 
67 1.4267 33 1.3758 


Although solid glycerol melts at a temperature slightly above the 
normal temperature of the air, liquid glycerol solidifies only when 
cooled to —40°; it then forms a gum-like mass. When glycerol is 
maintained, however, during a long period at a temperature of 0°, 
crystals of glycerol gradually separate; the crystals are hard and 
gritty, but deliquesceat. Their formation is facilitated by the addition 
of a ready-formed crystal to the cooled liquid. © 

Glycerol is not appreciably volatile at the ordinary temperature and 
pressure but evaporates to a measurable extent at roo°, Contrary 
to the statements of Nessler and Barth, Hehner has shown (Analyst, 
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1887, 12, 65) that glycerol is not volatilised with aqueous vapour 
from dilute solution. When a solution is evaporated at the b. p., 
appreciable loss does not occur until the solution contains about 70% 
(see page 457). It is highly hygroscopic, absorbing as much as 
half its weight of water when exposed to damp air. It is miscible 
with water in all proportions. 

Glycerol is neutral in reaction and acts as an antiseptic, even when 
largely diluted; but by schizomycetic fermentation it yields n-butyl- 
alcohol and 1 : 3-propane-diol. It is miscible in all proportions with 
alcohol, but is insoluble in chloroform, benzene, petroleum spirit, 
carbon disulphide, or fixed oils, and nearly insoluble in ether, from 
which it separates any alcohol or water. It is soluble in a mixture of 
2 volumes of absolute alcohol and 1 volume of ether—a fact which 
may be employed to separate it from the sugars, gums, gelatin, and 
various salts. Another useful solvent is a mixture of equal weights of 
chloroform and alcohol, in which liquid the sugars, dextrin, gums, and 
many extractives are insoluble. 

Glycerol possesses remarkable solvent properties, dissolving many 
substances with greater facility than does water. ‘This is true of iodine, 
phenol, mercuric iodide, and the alkaloids. Even silver chloride is 
very sensibly soluble in glycerol. Glycerol also dissolves potassium 
and sodium hydroxides, potassium sulphate and chloride, the corre- 
sponding sodium and copper salts, the vegetable acids, and all deli- 
quescent salts. It removes ferric chloride, ferric thiocyanate, auric 
chloride, and some other substances from ethereal solution on agitation 
with them, 

The precipitation of chromic solutions by ammonia and of cupric 
solutions by fixed alkalies is wholly or partially prevented by the pres- 
ence of glycerol. With the alkaline earths and lead oxide glycerol 
. forms compounds which are soluble in water, and give solutions which 
are not decomposed by carbonic acid. 

When gently heated with solid potassium wears glycerol is 
converted into potassium acetate and formate, with evolution of hydro- 
gen. When heated with a dehydrating agent (e. g., concentrated sul- 
phuric acid) irritating fumes of acrolein (acrylic aldehyde), CH, : CH.- 
CHO, are evolved, smelling like burning fat. Glycerol is very 
readily oxidised to carbon dioxide and water, but when carefully 
treated with nitric acid it is converted into a mixture of oxidation 
products in which oxalic acid, glyceric acid (C,;H¢O,), and other 
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organic acids occur. The substance “glycerose,” obtained by the 
regulated oxidation of glycerol by bromine and alkali, is exclusively 
sym.-dihydroxyacetone, OH.CH,.CO.CH,;.OH (Wohl and Neuberg, 
Ber., 1900, 33, 3098 and 3109). By treatment in dilute aqueous 
solution with potassium permanganate, in presence of excess of alkali 
hydroxide, glycerol is oxidised in a very definite manner with formation 
of oxalic and carbonic acids. By treatment with potassium dichromate 
and sulphuric acid, it is completely oxidised to carbon dioxide and 
water. These changes are utilised in the estimation of glycerol (see 
page 458). 

When a mixture of glycerol with an aqueous solution of pure mercuric 
chloride (free from reducing substances) is exposed to direct sunlight, 
calomel is precipitated after an interval of about 2 hours; the liquid 
shows an acid indication and gives the test for an aldehyde. It is 
thought that the following action occurs: ; 

C,H30,+2HgCl,= Hg,Cl,+ 2HCl+ OH.CH,.CH(OH).CHO. 

Ferric chloride behaves similarly. After the action, the transformed 
glycerol has the property of dissolving the ferric hydroxide formed on 
adding an excess of potassium hydroxide: a carbohydrate thus appears 
to be formed (Archetti, Chem. Zeit., 1902, 26, 555). 

Glycerol Esters.—By treatment with a cold mixture of fuming nitric 
and concentrated sulphuric acid, glycerol’is converted into glycery] 
nitrate or ‘‘nitroglycerin,”’ C,H,(O.NO,);. : 

On mixing glycerol with strong sulphuric acid, a compound of the 
formula OH.CH,.CH(OH).CH,.OSO,;H is produced, which has 
acid properties and forms soluble but unstable barium, calcium, and 
lead salts. 

The so-called “glycerylphosphoric acid”? (glycerophosphoric acid), 
obtained by heating glycerol with phosphoric acid (compare Power 
and Tutin, Trans., 1905, 87, 249), appears to be a mixture of a-gly- 
cerylphosphoric acid, OH.CH,.CH(OH).CH,.O.PO,H,, and _ {- 
glycerylphosphoric acid, (OH.CH,),.CH.O.PO,H, (Tutin and Hann, 
Trans., 1906, 89, 1749). A somewhat differently constituted mixture 
of the same acids is obtained by the hydrolysis of lecithin, a complex 
compound of these acids with choline and the fatty acids, stearic acid 
and palmitic acid, occurring in the yolk of egg and in brain tissue. 
For the estimation of glycerophosphates, see A. Astruc, J. Pharm., 
1898, [6], 7, 5; A. Trillat, ibid., 163; Imbert and Pages, ibid., 378). 

Glycerol dissolves large quantities of arsenious oxide to form a 
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compound of the formula C,H,AsO,, glyceryl arsenite, which has been 
employed by calico-printers for fixing aniline colours. It is an amber- 
yellow, fatty substance, melting at 50° to a thick liquid which is 
soluble in glycerol and in water, but is decomposed by excess of the 
latter liquid. 

When 3 parts of glycerol are heated to about 160° with 2 of boric 
acid, glyceryl borate, C;H;BO,, is formed, which has been patented 
as a preservative agent under the name of “‘boroglyceride.”’ 

By heating glycerol with organic acids, esters are formed, having a 
composition dependent on the conditions of their formation. These 
esters are generally called glycerides and are specifically designated by 
names ending in 7m, the mono-, di-, and tri-acetates being called, re- 
spectively, monacetin, diacetin, and triacetin. Similarly, stearic acid 
gives rise to stearins, oleic acid to oleins, butyric acid to butyrins, and 
so forth. The stearins, palmitins, and oleins have already been 
described. 

Detection of Glycerol.—When in a state of reasonable purity and 
concentration, glycerol may be recognised by its physical properties, 
no other substance likely to be met with exhibiting the combined 
characters of a dense viscous liquid of sweet taste and neutral reaction; 
miscible with water and alcohol in all proportions; volatile at a high 
temperature; burning with a blue flame when kindled, and leaving no 
carbonaceous residue. 

The most characteristic property of glycerol is its behaviour when 
heated in a concentrated state with potassium hydrogen sulphate, 
whereby it is converted into acrolein, C,H,O, with elimination of the 
elements of water. The acrolein is recognisable by its extremely 
penetrating odour, resembling that of burning fat, and its property of 
causing a flow of tears. If the vapours be passed into water, the warm 
solution will be found to have the properties of an aldehyde, e. g., of 
reducing ammoniacal silver nitrate, with formation of a mirror of 
metallic silver. 

This test is recommended by Griinhut (Zeit. anal. Chem., 1899, 
38, 37) as the best qualitative test for glycerol. The substance 
supposed to contain glycerol.is mixed with twice its weight of potassium 
hydrogen sulphate and strongly heated until it foams; the vapours are 
led into a test-tube cooled with a freezing mixture. The distillate 
smells distinctly of acrolein if glycerol is present. To confirm, add a 
few drops of a mixture of solutions of 3 grm. of silver nitrate in 30 
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grm. of ammonia of 0.923 sp. gr. and 3 grm. of sodium hydroxide in 
30 grm. of water. The silver mirror should form in the cold. 

The following tests are less characteristic: 

If 2 drops of concentrated glycerol are treated in a dry test-tube 
with 2 drops of fused phenol and the same quantity of strong sul- 
phuric acid and the mixture is heated very cautiously over a flame 
to about 120°, a brownish-yellow mass will be produced, which, 
after cooling, dissolves in water, to which a few drops of am- 
monium hydroxide have been added, with a splendid carmine-red 
colouration. 

According to Reichl, minute quantities of glycerol can also be 
' detected by boiling the solution to be examined with a minute quantity 
of pyrogallol and a few drops of sulphuric acid diluted with an equal 
volume of water, when a red colour will be produced, changing to 
violet-red on adding stannic chloride. Carbohydrates and various 
alcohols give similar results. 

In common with other polyhydric alcohols, glycerol acts on borax 
to form a compound having an acid indication to litmus, whereas 
the original aqueous solution of borax is alkaline. In the case of 
glycerol, glyceryl borate, C,H;BO,, is formed, together with sodium 
metaborate NaBO,. The test may be made both in the wet and the 
dry way. Senier and Lowe (TJrans., 1878, 33, 438) recommend 
that the solution to be examined should be made faintly alkaline 
to litmus with a dilute solution of soda, and a bead of borax (made 
by fusing the salt on a loop of platinum wire) dipped into it. The 
bead is allowed to rest for a few minutes, so as to allow solution to 
take place on its surface, and is then held in the flame of a Bunsen 
burner. A more delicate plan is to place some powdered borax in a 
watch-glass, pour on it some of the faintly alkaline liquid to be tested, 
and, by means of a looped platinum wire, introduce some of the 
mixture into the flame. In either case a deep-green flame will be 
produced if a moderate quantity of glycerol be present, but the test 
becomes indistinct if the liquid contains less than 5%. For detecting 
glycerol in beer, wine, milk, etc., 50 or 100 c.c. of the liquid should be 
evaporated to dryness on the water-bath, the residue extracted with 
absolute alcohol, the solution so obtained again evaporated, and the 
resultant residue moistened with a few drops of water and tested with 
borax as above described. Ammonium salts, glycol, and erythritol 
give a similar indication to glycerol. Ammonium salts may be 
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thoroughly removed by evaporating the original liquid with sodium 
carbonate. 

The interaction of glycerol with borax has been very thoroughly 
studied by W. R. Dunstan (Pharm. J., 1884, [3], 4, 41), who recom- 
mends the following mode of procedure: To 2 c.c. of a dilute solution 
of borax in water (1 part in 200) sufficient of an alcoholic solution of 
phenolphthalein is added to colour the liquid rose-red. The liquid to 
be tested for glycerol is rendered neutral or very faintly alkaline to 
litmus, and gradually added to the borax solution until the rose colour is 
discharged. The liquid is then heated to boiling, when the red colour 
will be restored, to disappear again on cooling the solution. Excess 
of glycerol is to be avoided, otherwise the alkalinity of the solution, 
to which the pink colouration is due, is only partially restored by boiling. 
Using 2 c.c. of the borax solution, about 5 c.c. of a 2% solution of 
glycero] must be added to destroy the colour, and the limit of sensitive- 
ness is practically reached with a solution of this strength. The in- 
dication is also given by mannitol, erythritol, dextrose, levulose, lactose, 
and mycose, but not by sucrose. Guaiacol, pyrogallol, and saligenol 
also respond to the test. Orcinol and resorcinol, when added in large 
quantity, partially destroy the red colour, but it is not restored by boil- 
ing. The test is a more delicate one for mannitol than for glycerol, 
and the influence of dilution is not so great. Ammonium salts dis- 
charge the red colour, but it is not restored on heating. 

Estimation of Glycerol.—The accurate estimation of glycerol, 
when existing in a complex mixture together with other neutral organic 
and inorganic matters, cannot be said to have received a satisfactory 
solution under all circumstances. The problem is complicated by the 
fact that solutions of glycerol cannot be highly concentrated without 
serious loss from volatilisation, and that the presence of glycerol 
_ materially increases the solubility of many substances in aqueous and 
alcoholic solutions. 

In general, the first process in the estimation of glycerol consists in 
separating it from the other substances with which it is mixed or com- 
bined so as to obtain it in a state of approximate purity. This can 
frequently be effected qualitatively in a very satisfactory manner, but 
it too often happens that the evaporations which are necessary steps in 
the process cause such a loss of glycerol by volatilisation as to render the 
result of little value for quantitative purposes. Proteins and some 
other foreign substances may be separated from a solution contain- 
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ing glycerol by adding a solution of basic lead acetate, and subse- 
quently removing the excess of lead from the filtered solution by means 
of hydrogen sulphide. This method may be employed for the analysis 
of pharmaceutical preparations, such as “glycerol of tannic acid” and 
“glycerol of gallic acid,” and is useful as one stage of the treatment of 
soap lyes for the estimation of glycerol. 

Proteins and some other organic substances can often be removed 
completely by precipitating the slightly alkaline solution with zinc 
choride. The precipitate is filtered off and the filtrate rendered 
faintly acid, when a further precipitation will often occur. The last 
traces of zinc may be removed from the solution by potassium ferro- 
cyanide, which is also a very perfect precipitant of albumin. 

Dilute glycerol may be further purified by evaporating off the water 
at as low a temperature as possible, and treating the residue with ab- 
solute alcohol, a mixture of alcohol and ether or a mixture of alcohol 
and chloroform, according to circumstances. Absolute alcohol 
readily dissolves glycerol, while many classes of salts (e. g., metallic 
sulphates, phosphates, tartrates, etc.) are insoluble. The alkali- 
metal chlorides are not completely separated by alcohol alone, but a 
mixture of equal volumes of absolute alcohol and dry ether leaves them 
undissolved. ‘The same solvent serves to separate glycerol from sugar, 
but the use of a mixture of two volumes of absolute alcohol with one 
of chloroform is preferable. If the filtered solution be treated with 
about twice its volume of water, chloroform separates from the diluted 
alcohol, and often carries troublesome colouring matters with it. 

Any process of estimating glycerol which involves the evaporation 
of an aqueous or alcoholic solution and isolation of the glycerol in sub- 
stance is deficient in quantitative accuracy, as evaporation of glycerol 
in the latter end of the concentration is unavoidable, and the loss from 
this cause is often very considerable. Even absolute glycerol is 
sensibly volatile at 100°, the loss of weight varying with the mode of 
heating, the shape and material of the containing vessels, and the sur- 
face exposed. 

The following figures, due to Nessler and Barth (Zeit. anal. Chem., 
1884, 23, 323), show the rate of evaporation of glycerol under different 
conditions. The experiments were made with glycerol which had been 
heated for 6 hours over a water-bath at roo®, and then for 6 hours 
longer in an air-bath heated at 100°. In one series of experiments the 
glycerol was exposed in a water-oven at 100° in a platinum dish 20 mm. 
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high and 80 mm. diameter at the top, and 60 at the bottom; in the 
other, it was heated in a beaker of thin glass 40 mm. high and 48 mm. 
in diameter: 

Platinum dish Glass beaker 


I.o grm. lost, in first 2 hours........ 46 mg. 36 «mg. 
I.0 grm. lost, in second 2 hours...... 29 «mg. I4 mg. 
1.0 grm. lost, in third 3 hours....... 2% mg. 5 mg. 

Average for last 3 hours........ 7 mg. I.7 mg. 
o.5 grm. lost in first 2 hours......... 36 mg. 45 mg. 
o.5 grm. lost in second 2 hours...... 28 mg. II mg. 
©.5 grm. lost in third 3 hours........ 23. mg, 6 mg. 

Average for last 3 hours........ 7.47 mg. 2 mg. 


The following figures show the loss of weight when heated on an 
open water-bath kept briskly boiling: 


Platinum dish Glass beaker 
t.0 grm. lost, in 1 hour,.... 37-30-29-30 mg. 30-18 mg. 
©.5 grm. lost, in z hour..... 34-29-24-30 mg. II- 2 mg. 


Other experiments conducted in platinum and glass vessels of vari- 
ous diameters showed that the loss increased with the diameter of the 
vessel (i. e., with the surface of glycerol exposed), and that the rate of 
evaporation was less in a vessel composed of a material of low con- 
ducting power. 

The volatilisation of glycerol during the evaporation of an aqueous 
liquid may be prevented by adding an excess of lime, which forms a 
compound with it, but Clausnizer has shown (Zezt. anal. Chem., 1881, 
20, 58) that from the product the glycerol cannot be dissolved by 
absolute alcohol; and if hydrated alcohol is employed, alkalies resulting 
from the action of the lime on phosphates may pass into the alcoholic 
liquid, and carry with them substances not otherwise soluble. Even if 
excess of lime be avoided, the glycerol cannot be extracted completely 
from the residue by cold alcohol or ether-alcohol. 


General Methods for the Estimation of Glycerol. 


It will be convenient first to consider the general methods used in 
estimating glycerol, and then to deal later with the application of these 
methods to special cases; as, for example, to soap lyes or commercial 
forms of glycerin. 


Chemical Methods. A. Volumetric. 


1. Permanganate Oxidation Process.—This is best carried out by 
Benedikt and Zsigmondy’s modification (Chem. Zeit., 1885, 9, 975) 
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of. Wanklyn and Fox’s method. 0.2 to 0.3 grm. of the concentrated 
glycerin (or a quantity of dilute glycerin corresponding to this amount 
and calculated approximately from the sp. gr. of the sample) is mixed 
with 250 c.c. of water in a large flask, 10 grm. of solid potassium 
hydroxide added, and a 5% solution of potassium permanganate run in 
at the ordinary temperature until the liquid ceases to be green and be- 
comes blue or black in colour. Finely powdered potassium per- 
manganate can be used in place of its solution. The mixture is then 
boiled, when hydrated manganese dioxide is precipitated and the 
solution becomes red. A solution of sulphurous acid or of sodium 
sulphite is then cautiously added, drop by drop, until the liquid just be- 
comes colourless, and the solution then filtered through a filter suffi- 
ciently large to take at least half the liquid at one time. The precipi- 
tate is thoroughly washed with hot water. The last washings some- 
times become turbid owing to the formation of manganese hydroxide, 
but the turbidity disappears on adding acetic acid so as to render the 
solution acid before precipitating with calcium chloride. The precipi- 
tation is effected by adding 10 c.c. of a 10% solution of calcium chloride 
to the boiling liquid. The calcium oxalate is left for some time in 
order to complete the precipitation, collected on a filter, and, after 
washing thoroughly with hot water, is transferred to a flask and titrated 
with N/1o permanganate in the usual way. 

rt c.c. N/1o permanganate (corresponding with 0.0045 grm. 
H,C,0,)=0.0046 grm. glycerol. 

In the permanganate method, excess of sulphurous acid must be 
carefully avoided, as in presence of hydrated manganese dioxide it 
destroys oxalic acid. Allen suggested the use of sodium sulphite in- 
stead of sulphurous acid, but on adding acetic acid before precipitation, 
sulphurous acid is liberated, which in presence of the small quantity of 
manganese dioxide which has passed through the filter causes the loss of 
oxalic acid. There is, moreover, the danger of calcium sulphite being 
precipitated with the calcium oxalate. 

Herbig has therefore suggested the use of hydrogen peroxide in place 
of sulphite, and employs a smaller quantity of potassium permanganate. 
Mangold (J. Soc. Chem. Ind., 1891, 10, 803) reports favourably on the 
method, and recommends the following procedure: To 0.2-0.4 grm. of 
glycerol, dissolved in 300 c.c. of water containing ro grm. potassium 
hydroxide, as much of a solution containing 5% potassium perman- 
ganate is added as will correspond with r.5 times the theoretical quantity 
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of glycerol (for 1 part glycerol 6.87 parts of potassium permanganate). 
The operation is conducted in the cold and the solution must be 
agitated on adding the permanganate. After standing for about 
half an hour at ordinary temperature, sufficient hydrogen peroxide is 
added to completely decolourise the liquid. The whole is now made 
up to 1,000 c.c. well shaken, and 500 c.c. filtered through a dry filter. 
After heating the filtrate for half an hour to destroy all hydrogen 
peroxide, and cooling to about 60°, sulphuric acid is added and the 
liquid titrated with permanganate. Heating after addition of the 
permanganate is superfluous. A number of results of analysis by the 
above method are given, which prove it to be accurate even in the 
presence of 90% of butyric acid. 

2. Oxidation with potassium dichromate (Hehner’s method). ‘The 
solutions required are as follows: 

1. Potassium dichromate solution, containing in 1,000 c.c. about 
74.86 grm. of potassium dichromate and 150 c.c. of strong sulphuric 
acid. The exact oxidising value of the solution must be ascertained 
by titration with solutions of known quantities of iron wire or pure 
ferrous ammonium sulphate. 

2. Ferrous ammonium sulphate solution containing about 240 grm. 
It T,O00' Cle, 

3. Potassium dichromate solution 1/10 the strength of No. 1. 
The ferrous solution is exactly standardised upon the stronger dichro- 
mate solution, 1 c.c. of which should correspond to o.o1 grm. glycerol. 

With pure glycerol, the oxidation is quantitative. Crude glycerols 
must be treated as follows: For the removal of chlorine and of 
aldehydic compounds, some silver oxide is added to a weighed quantity 
of the sample (about 1.5 grm.), which is placed in a roo c.c. flask. 


After slight dilution the sample is allowed to stand with the silver . © 


oxide for about ten minutes. Basic lead acetate is then added in 
slight excess, the bulk of the fluid made up to 100 c.c., and a portion 
filtered through a dry filter; 25 c.c. of the filtrate are placed in a 
beaker previously well cleaned with sulphuric acid and potassium 
dichromate to remove all traces of fat, from 40 to 50 c.c. of the standard 
dichromate are added, accurately measured, and about 15 c.c. of 
strong sulphuric acid, and the beaker, covered with a watch-glass, 
is heated for 2 hours in boiling water. After that time the excess of 
dichromate is titrated back with ferrous ammonium sulphate solution. 

As the dichromate solution is necessarily a somewhat strong one, the 
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measurements must be made with the greatest care, attention being 
paid to the temperature. The results upon repetition agree well. 
The method is easy and rapid. It is open to the objection that by 
precipitation by lead acetate the impurities may not be perfectly re- 
moved, anything left being oxidised and counted as glycerol. How- 
ever, all higher fatty acids and all resin acids, as well as albuminoids, 
sulphides, thiocyanates, and aldehydes, are completely removed, and 
the lower fatty acids, such as acetic and butyric are not attacked by 
chromic acid. Hehner allows for variation of temperature by assum- 
ing an expansion of the dichromate solution of 0.05% per 1°. This 
value he found for a dichromate solution, prepared as above. Lew- 
kowitsch avoids a temperature correction by maintaining the solutions 
at the normal temperature during titration by surrounding them with 
a large water-jacket. 

Several alterations in the procedure have been suggested by Richardson 
and Jaffé (VJ. Soc. Chem. Ind., 1898, 17, 330), a stronger solution of 
dichromate being used and the time of boiling much reduced. 

3. Acetin Method.—The acetin method of Benedikt and Cantor 
(J. Soc. Chem. Ind., 1888, 7, 696) depends upon the formation of 
triacetin (glyceryl triacetate) when glycerol is heated with acetic anhy- 
dride. The triacetin is then saponified with sodium hydroxide solu- 
tion, and the amount of the latter used gives a measure of the glycerol. 
Lewkowitsch has shown that the method gives closely concordant 
results in the case of moderately pure ‘‘crude glycerins,’’ and recom- 
mends its adoption in all cases in which the glycerol is first isolated in 
a fairly pure state as in its estimation in fats and oils (v. infra) 
(Lewkowitsch, Chem. Zeit., 1889, 13, 93, 191, 659; Hehner, J. Soc. 
Chem. Ind., 1889, 8, 6). 

Solutions required: 

t. N/2 or N/1 hydrochloric acid (accurately standardised). 

2. Sodium hydroxide solution, 20 grm. sodium hydroxide per 1,000 
c.c. Its strength need not be accurately known. 

3. A 10% sodium hydroxide solution, 10%. 

Solutions 2 and 3 must be kept free from the access of carbon dioxide. 

Process.—t1 to 1.5 grm. of the crude glycerol, 7 or 8 grm. of acetic 
anhydride, and about 3 grm. of anhydrous sodium acetate (previously 
dried in an.oven) are heated from z to 1.5 hours in a reflux apparatus. 
The mixture is allowed to cool, 50 c.c. of water are added, and the 
heating is continued (still with the condenser, as triacetin is volatile in 
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a current of steam) until it begins to boil. When the oily deposit at 
the bottom of the flask is dissolved, the liquid is filtered from a white 
flocculent precipitate, which contains most of the impurities of the 
crude glycerol, allowed to cool, phenolphthalein added, and dilute 
sodium hydroxide (No. 2 solution) run in until neutrality is obtained. 
Care must be taken not to pass that point, as triacetin is easily 
saponified. 

During the operation the solution must be agitated continually, so 
that the acid may not be in excess locally any longer than is unavoid- 
able. The point of neutrality is reached when the solution becomes 
reddish-yellow. It must not be allowed to become pink. The estima- 
tion is inaccurate if the solution is more than neutralised even for 
the shortest time. 25 c.c. of the strong sodium hydroxide are now 
added from a pipette. The mixture is then heated for 15 minutes and 
the excess of alkali titrated back with normal or half-normal hydro- 
chloric acid. The strength of the alkali used is ascertained at the 
same time by titrating another 25 c.c. measured with the same pipette. 
The difference between the titrations gives the amount of alkali 
consumed in saponifying the acetin, and from this the quantity of 
glycerol is calculated. 

B. Gravimetric Methods—I. Zeisel and Fanto’s method (Zeit. 
landw. Versuchswesen Oest., 1902, 5, 729). This method is based on 
the fact that when glycerol is boiled with an excess of hydriodic acid 
(sp. gr. 1.7, b. p. 127°) it is converted quantitatively into isopropyl 
iodide, which can be estimated by passing it into a solution of silver 
nitrate in absolute alcohol, and weighing the silver iodide formed. 


C,H,(OH),+sHI = C,H,I + 3H,O +21, 
C,H,I + AgNo, =Agl + C;H,NO,. 


Materials Required —t. It is advisable to keep a stock of hydriodic 
acid of sp. gr. 1.9, containing 68% by weight of HI; this acid can 
then be suitably diluted with the aqueous glycerin or with water (3 
vols. hydriodic acid to 1 vol. water), so that the acid acting on the 
glycerin is of sp. gr. 1.7. It must be free from sulphur and, in a 
blank experiment carried out as described below, give no precipitate 
of silver iodide in the alcoholic silver nitrate solution. 

2. 40 grm. of pure silver nitrate is dissolved in roo c.c. of water and 
made up to 1 litre with commercial absolute alcohol; after 24 hours 
the solution is filtered. The solution must be kept in the dark. 
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3. Red phosphorus. This must be washed with carbon disulphide, 
ether, alcohol, and water, and dried in the air. 

The apparatus used (see Fig. 13) is a modification of the well-known 
Zeisel apparatus for the estimation of methoxyl. The flask, a, ca- 
pacity 40 c.c., has a side tube attached as shown, which serves to pass 
carbon dioxide through the apparatus. Through the condenser, 8, 
circulates water maintained at 60° + 10° by means of an Ehmann’s 
heating arrangement, g; the tube of the condenser is ground into the 
neck of flask, a, and the joint held 
in position by means of. the small 
springs shown. The bulb, c, im- 
mersed in water at 60—70°, serves 
to count the bubbles of gas and is 
filled to about a third with a thin 
mixture of red phosphorus and water 
(a solution of potassium arsenite can 
be used in place of phosphorus, 
but the latter is preferable). The 
Erlenmeyer flasks, e and f, the larger 
with a mark showing 45 c.c., the 
smaller with a mark at 5 c.c., 
contain the clear alcoholic silver 
nitrate up to the marks aforesaid. 
The glycerin is weighed into a, the 
quantity taken being such as to give 
not more than 0.4 grm. of silver 
iodide. A fragment of pumice is introduced into a, 15 c.c. of the 
hydriodic acid (sp. gr. 1.7) added, and the flask immediately con- 
nected with the condenser .and with a carbon dioxide apparatus 
supplying carbon dioxide, which has been washed by passing through 
dilute sodium carbonate solution. The carbon dioxide is passed at 
the rate of about 3 bubbles per second. The boiling flask is im- 
mersed in a glycerin bath so that the levels inside and outside of the 
flask are the same; the bath is heated by a small flame so as to keep 
the hydriodic acid boiling gently during the whole operation. When 
the liquid above the precipitated silver iodide becomes clear and the 
operation is complete the contents of the Erlenmeyer flasks are trans- 
ferred to a large beaker; water is added so as to make a volume of 
450 c.c., and then ro to 15 drops of dilute nitrlc acid; the liquid is then 
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heated in a water-bath, so as to make the silver iodide readily filterable, 
and, on cooling, the precipitate is collected and weighed. The weight 
of silver iodide 0.3920 gives the weight of glycerol present. The 
time of distillation varies from 2 to 4 hours; the completion of the 
operation is controlled by substituting for flask e a flask containing 
fresh silver nitrate solution and again distilling. 

Lewkowitsch (Analyst, 1903, 28, 108) states that the above method 
does not give accurate results for crude glycerin on account of the 
presence of impurities in the latter. Other workers, however, highly 
commend it (Schuch, Ztsch. fiir landw. Versuchswesen Oest., 1904, 7, 
111; Hertmann, Beiirége z. chem. Physiologie u. Pathologie, 5, 422). 
From a very detailed comparative study of the different methods of 
estimating glycerol, Schulze (vide infra) has concluded that the 
Zeisel-Fanto method is the most accurate under all conditions of all 
the methods yet devised for estimating glycerol. 

Instead of the special apparatus described by Zeisel and Fanto, a 
modification of Perkin’s form of the ordinary Zeisel apparatus would 
probably prove more simple in use. 

Il. Shukoff and Schestakoff’s Method (Zeit. angew. Chem., 1905, 18, 
294).—This is a direct method, based on the fact that on mixing a 
glycerol solution with sodium sulphate dehydrated by ignition and 
extracting the mass with acetone the whole of the glycerol passes into 
solution. As the method is tedious, and in many cases gives values 
as much as 1% in error (compare Landsberger, Chem. Rev. Fett u. 
Harz. Ind., 1905, 12, 150; Dynamitfabrik Schlebusch, Ze. angew. 
Chem., 1905, 18, 1656), it will not be described here. 

C. Physical Methods.—When occurring in admixture with water only, 
the proportion of glycerol is most easily deduced from the sp. gr. or 
from the index of refraction of the liquid. ‘The tables on pages 448-450 
give the values of these constants for different strengths of solution. 
The values obtained by Lenz (at 12 to 14°) are probably the most reliable. 

Sp. Gr.—The sp. gr. of solutions of glycerol cannot be accurately 
measured by the hydrometer, the values obtained being 0.002 to 0.003 
too high. If a Sprengel tube is used it is filled by means of an air- 
pump with the glycerol which has previously been heated in a closed 
flask on the water-bath so as to diminish the viscosity. The tube is 
then immersed in water at one of the following temperatures: 12 to 14° 
(Lenz), 15°, 15.5 or 20°. If a pyknometer is used (Lewkowitsch), 
the following precautions have to be taken: 
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The sample is warmed in a closed bottle by immersing in warm 
water until all air-bubbles have collected at the top. The glycerol is 
then allowed to cool in the cooled bottle, preferably to the normal 
temperature, and then carefully filled into the pyknometer provided 
with a perforated stopper. If this has been pushed home, after the 
last filling, the very small drop of glycerol squeezed out is wiped off 
with a linen cloth and the bottle taken out of the water-bath. The de- 
termination may be made exact to the fourth decimal if the weights are 
reduced to vacuum. Complicated calculation is avoided by ascertain- 
ing once for all the necessary corrections for the pyknometer when 
filled with water. Suppose the weight # has been found in air, then the 
corrected weight P will be: 

P=p+prR. 

For brass weights, the correction R for the sp. gr. likely to occur is 

found from the following table: 


Sp. gr. Correction (R) Sp. gr. Correction (R) 
I.00 0.00106 I.10 ©.00095 
I.02 ©.00103 | I.15 ©.00090 
T.04 ©.OOIOI T.20 0.00086 
I.06 ©.00099 Te25 ©.0008 2 
I.08 0.00097 i.80 0.00078 


If the temperature is not one of those corresponding with the tables 
on page 448, a correction of 0.00058 may be made for each 1° difference 
of temperature. Lenz’s values at 12 to 14° have been calculated to 
15.5° by Richmond using this factor: The following table shows the 


result. 
$$$ 


Percentage Sp. gr. at 15.5° Percentage Sp. gr. at 15.5° 

I0o 1.2674 8 14232 
99 1.2647 86 Te, at 
98 1.2620 85 1.2274 
97 I.2594 84 1.2248 
96 1.2567 | 83 I.2222 
95 I.2540 82 I.2106 
94 1.2513 81 I.2169 
93 1.2486 80 I.2143 
92 1.2460 79 1.2117 
gor 243 | 78 I.2090 
go I.2406 a4 1.2064 
3 I.2380 76 T.2027 
T.2353 | 75 FE 2Onm 
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Refractive Index.—This is ascertained by one of the many forms of 
refractometer. In order to avoid the necessity of maintaining a known 
constant temperature and of accurately ascertaining the zero error of 
the instrument, Lenz recommends that the refractive index of the 
glycerol solution and of pure water be observed successively. The 
following table gives the differences between the refractive index of 
water and of aqueous solution of glycerol of different concentrations. 


TABLE OF DIFFERENCES BETWEEN REFRACTIVE INDICES OF 
AQUEOUS SOLUTIONS OF GLYCEROL AND OF PURE WATER. 
(Np SOLUTION—Np WATER) (LENZ). 


|| 
0 Dif- 0 Dif- | 0 Dif- 4) Dif- | % Dif- 
glycerol) ference |iglycerol| ference |glycerol| ference |\glycerol| ference jstycerol ference 
100 0.1424 80 Orns 60 0.0806 || 40 0.0526, 20 | 0.0261 
99 0.1410 79 0.1119 | 59 0.0792 39 0.0510 | 19 | 0.0238 
98 0.1395 78 O.1I04 58 0.9780 38 | 0.0495 | 18 | 0.0225 
97 0.1381 77 0.1090 57 | 0.0768 37 | 0.0479 17 © O212 
96 0.1366 70 0.1075 | 56 0.0757 | 36 | 0.0464 16 | 0.0199 
95 0.1352 ws} ©.1061 | 55 0.0745 | 35 0.0451 | Is | 0.0186 
94 Owns s7 q4 0.1046 54 0.0731 34 0.0438 | 14 | 0.0173 
93 0.1323 93 0.1032 53 0.0717 || 33 0.0424 | 13 | 0.0160 
92 0.1368 72 o.1018 52 0.0702 || 32 | 0.6455 12 ©.0146 
91 0.1294 phe 0.1003 51 0.0688 || 31 | 0.0398 | rm, | O.0%33 
90 0.1279 70 0.0987 50 0.0663 30 0.0385 | 10 6| 0.0120 
89 0.1264 69 0.0970 49 0.0659 | 29 0.0372 | 9 0.0108 
88 O.1250 68 0.0952 48 0.0645 || 28 0.0358 8 0.0096 
87 0.1235 67 0.0933 A7 0.0630 |} 27 | 0.0345 7 0.0083 
86 O.1221 66 0.0915 46 0.0616 260 0.0332 | 6 | 0.0071 
85 ©.1206 65 0.0897 45 0.0601 25 0.0318 | 5 | 0.0058 
84 O.IIOI 64 0.0889 44 0.0587 24 | 0.0315 | 4 0.0046 
83 ohne hy Ap 63 0.0861 43 ©.0572 || 23. \,o.0302 |} 3 0.0033 
82 0.1162 62 0.0842 42 0.0556 || 22 0.0288 | 2 ©.002T 
81 0.1148 61 0.0824 4i 0.0541 21 0.0275 | I | 0.0008 


Degree of Accuracy of Different Methods for Estimating Glycerol.— 
F. Schulze (Chem. Zeit., 1905, 29, 976) has recently made a systematic 
comparison of the methods in use for estimating glycerol; he gives 
tables showing the results obtained with fats, soaps, and various com- 
mercial glycerins. The following are his principal conclusions: 

1. The permanganate method is considered unreliable in all cases, 
whether carried out by the method of Benedikt and Zsigmondy, or by 
Herbig or Mangold’s modifications. 

2. The acetin method failed to give concordant results. If this 
method is still to be employed, it is essential that the mean of several 
estimations be taken. 

3. The dichromate method gives high results as a rule. Approxi- 
mate values may be obtained by lowering the figures obtained by 10%. 
The method is valid only in absence of phosphoric acid. 

Vol. II.—30 
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4. Zeisel and Fanto’s method is regarded as the most accurate for 
scientific and general purposes, but it is too expensive for ordinary 
factory working. In such cases it should be used as a check on the 
dichromate method. 

Lewkowitsch (Chemical Technology of Fats and Oils) considers that 
for ascertaining the proportion of glycerol in its pure dilute aqueous 
solution, oxidation methods are best, and that either the permanganate or 
dichromate method gives good results in such cases. On the other 
hand, there is no doubt that such methods give high results with im- 
pure glycerin. In such cases the acetin method is preferred. The 
Zeisel-Fanto method is said by Lewkowitsch not to give good results. 

Physical methods can, of course, be expected to give accurate re- 
sults only with aqueous solutions of pure glycerol; in presence of a 
known proportion of known salts, the influence of the latter on the 
physical properties can, however, be calculated. Several methods have 
been proposed for estimating the approximate proportion of glycerol 
in crude glycerin by making an allowance of this kind (compare for 
example, Richardson and Jaffé, loc. cit.; Stiefel, Seifenstederzeitung, 
1905, 31, 818), but the results obtained can only be regarded as 
approximations. 


COMMERCIAL “GLYCERIN.” 


Three kinds of “glycerin” call for consideration: 1. Crude glycerin; 
2. distilled or dynamite glycerin; 3. chemically pure glycerin. 


1. CRUDE GLYCERIN. 


Three kinds of crude glycerin may be distinguished: Saponification 
glycerin, distillation glycerin, soap-lye glycerin or soap glycerin. 

Saponification Glycerin.—This glycerin is obtained by the auto- 
clave process of hydrolysing fats by heating with water under high 
pressure, either alone or in presence of a small proportion of lime or 
magnesia. It is evaporated to a sp. gr. 1.240-1.242, and is then known 
as “28°B.,” “raw glycerin,” “saponification glycerin or “candle glycerin.” 
It has a sweet taste, and varies in colour from bright yellow to dark 
brown. It gives but a slight precipitate with basic lead acetate, 
and with hydrochloric acid should give no turbidity. The valuation 
of such glycerin includes the estimation of glycerol, ash (which should 
not exceed 0.3 to 0.5%), and organic impurities. 
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Glycerol.—Lewkowitsch recommends the acetin method for this 
purpose, Of the oxidation methods only that of Hehner is available, and 
this (Analyst, 1903, 28, 104) gives high results. The % of glycerol 
varies in saponification glycerin from 85 to 90%. 

Organic Impurities.—The glycerol is volatilised off by heating 
several grm. of the sample in a platinum dish gradually to 160°. 
Rapid heating gives rise to non-volatile polyglycerols, and the result 
is found too high. During the heating the mass is best moistened 
with a few drops of water so that the glycerin volatilises in steam. 
The product is dried to constant weight. The amount of ash is then 
ascertained by ignition. ‘The difference in weight gives the organic 
impurities. 

Distillation Glycerin.—This is obtained from the waste acid 
liquors obtained in the acid hydrolyses (or saponification) of fats. It 
is evaporated to a sp. gr. 1.240 to 1.242 and then has a disagreeable 
odour when rubbed on the hand, a sharp astringent taste and a bright 
yellow colour. It generally contains 84 to 86% glycerol; the ash is 
high (2 to 3.5%). This glycerin gives a heavy precipitate with lead 
acetate and a decided turbidity (fatty acids) on adding hydrochloric 
acid. Lewkowitsch recommends the acetin method for estimating 
glycerol. 

Soap-lye Glycerin.—This is obtained from spent lyes. The 
sp. gr. should not fall below 1.3 mm., the percentage of glycerol below 
80. ‘The ash may be as high as 10% and consists in good samples, 
mainly of common salt. The glycerol is best estimated by the acetin 
method, 

Ash.—3-5 grm. are cautiously heated in a platinum dish over a 
small flame. The glycerol is first driven off so as to leave a voluminous 
residue of carbon in the dish; the residue is then more strongly heated 
so as to char all organic substances, but not sufficiently to volatilise 
the common salt. The carbonaceous residue is then extracted with 
water, the solution filtered and evaporated in the platinum dish on the 
water-bath. The residue, which must be white, is heated gently (not 
above 400°) and weighed (Lewkowitsch). The carbon on the filter 
may, as a rule, be disregarded unless a large proportion of lime is 
present, when it is burnt away. 

The weight of the ash having been ascertained, it may be further 
examined for lead, iron, zinc, magnesium, calcium carbonates, chlo- 
rides, sulphates, etc. The ash is treated with dilute sulphuric acid, 
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when the copper, iron, zinc, magnesium, and more or less calcium will 
be dissolved as sulphates, and can be detected in the solution by the 
usual methods. The residue will contain lead sulphate, together, 
possibly, with calcium sulphate. On treating it with a hot solution of 
ammonium acetate, the lead sulphate will be dissolved, and the resul- 
tant solution will give a yellow precipitate with potassium chromate 
and a black precipitate with hydrogen sulphide. 

Calcium is a frequent impurity occurring most commonly as 
calcium oleate. It is most readily estimated by precipitating the 
diluted sample with ammonium oxalate. Precipitation in an alcoholic 
solution with sulphuric acid has been recommended by Cap, but pre- 
sents no advantages over the oxalate method. 

Alkalinity in commercial glycerol is due almost entirely to sodium 
carbonate, and is readily estimated by titrating the diluted sample 
with standard acid. Sulman and Berry recommend the use of litmus 
as an indicator, neither phenolphthalein nor methyl-orange giving 
sharp end-points. Glycerin from soap-lyes is purposely alkaline, 
owing to the risk of concentrating it in presence of acid. The 
alkalinity usually varies from 0.5 to 2.0%, depending to some extent 
on the manner in which the lyes have been treated. In a case cited 
by Fleming, in which the glycerin had been separated from the lye 
by alkali instead of salt, the resulting glycerin contained 31% of 
sodium carbonate. 

Chlorides cannot be estimated by direct titration or precipita- 
tion with silver, owing to the solubility of silver chloride in glycerol 
and the reduction of the nitrate by various impurities. The esti- 
mation is best made by allowing a weighed portion to burn away as 
already described, exhausting the carbonaceous residue with water, 
and titrating the filtered solution with N/1o silver nitrate, using 
neutral potassium chromate as an indicator. Crude soap-lye glycerins 
usually contain from 5 to 10% of salt. 

Sulphates may be estimated by precipitating the diluted sample 
with barium chloride. They are usually present in the product from 
soap-lyes, and sometimes in very large amount. Glycerins obtained 
by saponifying fat with sulphuric acid are always charged with sul- 
phates and often contain szlphites, thiosulphates and sulphides, the last 
three being objectionable. The milky precipitate produced on acidi- 
fying the raw product from soap-lyes sometimes contains a considerable 
proportion of free sulphur, the proportion amounting in some cases to 
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40 or even 60% of the whole precipitate. Such samples will yield 
objectionable volatile sulphur compounds on distillation. 

C. Ferrier (Chem. Zeit., 1893, 16, 1840) proposes the following method 
for detecting sulphur compounds: The sample is diluted with ro times 
its volume of water and neutralised with hydrochloric acid. This mix- 
ture is treated at from 60° to 70° with about 3% of the carbon residue 
from the manufacture of potassium ferrocyanide (which has been 
previously washed with dilute nitric acid and water and heated to red- 
ness in a closed crucible). One drop of the solution after treatment 
with the purified carbon residue is placed on a strip of paper saturated 
with lead nitrate. If no yellow stain appears, the sample contains 
less than o.ooor part of sulphides. To detect a still smaller 
quantity, the sample is heated in a small flask with a few drops of 
hydrochloric acid and a little sodium carbonate held over the mouth 
of the flask. 

To detect thiosulphates and sulphites a tew c.c. of barium chloride 
solution are added to the solution of the sample and the liquid filtered. 
Barium sulphite is precipitated and the thiosulphates may be found in 
the filtrate, which, on addition of potassium permanganate to the 
acidified solution, will become cloudy, even in the presence of only 
0.0001 part of thiosulphate. 

The presence of sulphite in the precipitate is proved by washing it 
repeatedly with boiling water, then adding to the remaining precipi- 
tate a few drops of starch and iodine solution; in presence of sulphites 
the blue will gradually disappear. See also Richardson and Aykroyd 
(J. Soc. Chem. Ind., 1896, 15, 171) for the quantitative estimation 
of these compounds. 

Organic impurities are estimated in soap-lye glycerin just as in 
saponification glycerin. 

Protein matter, derived from the envelopes of the fat globules, 
is nearly always present to a greater or less extent, the product from 
soap-lyes containing the largest proportion, owing to the solvent action 
of the alkali on the proteid matter of the fats saponified. They are 
objectionable on account of the mechanical difficulties they occasion 
during the subsequent distillation, and the contamination of the dis- 
tillate with empyreumatic and coloured products. An approximate 
estimation of the protein matters may be made by precipitating with 
basic lead acetate, and applying the Kjeldahl method. The nitrogen, 
multiplied by 6.25, gives the amount of protein in the precipitate. 
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Rosin is a very frequent and objectionable impurity in the glycerin 
from soap-lyes, but is absent from that from candle-works. A portion 
of the rosin is precipitated on acidifying, but the use of basic lead 
acetate is better. When rosin is present, the distillate often has a 
strongly-marked fluorescence from the presence of rosin oil. This 
impurity may be further detected and removed by agitating the sample 
with ether or petroleum spirit, which, after separation and evaporation, 
leaves the rosin oil in a form SSE by its physical characters, 
taste, and odour on heating. 

Higher fatty acids, chiefly oleic acid, are not unfrequently present 
in glycerin from soap-lyes, even after distillation, and are very objec- 
tionable in a product intended for making nitroglycerin (v. infra). 
If the amount of fatty acids be considerable, mere dilution with water 
causes their precipitation, but smaller quantities may be detected by 
diluting the glycerol and passing nitrogen dioxide (NO,) through the 
sample, when a flocculent precipitate of elaidic acid (less soluble than 
the original oleic acid) will be produced. Nitrogen dioxide is best 
obtained by heating dry lead nitrate in a tube or small retort. 

Fatty acids may be detected by diluting a portion of the sample with 
several times its*bulk of water and acidifying with hydrochloric acid. 
In the presence of fatty acids the liquid becomes turbid. 

By agitating glycerin with chloroform, fatty acids, rosin oil, and 
some other impurities are dissolved, while certain others form a turbid 
layer between the chloroform and the supernatant liquid. On sepa- 
rating the chloroform and evaporating it to dryness, a residue is 
obtained which may be further examined. 

Lower fatty acids, especially butyric and formic acids, may be not 
-unfrequently present. . The presence of free oxalic, formic, or butyric 
acid in distilled glycerol will be indicated by the acid indication of the 
sample, and an estimate of the amount present can be obtained by 
titrating the diluted sample with standard alkali and litmus or phenol- 
phthalein. Butyric acid is sometimes present to the extent of 0.5% of 
the fats saponified. Samples containing it develop an odour of sweat 
when mixed with a few drops of dilute sulphuric acid and rubbed 
between the hands. Formic acid, traces of which are often present 
even in distilled glycerol, is best detected by adding ammoniacal silver 
nitrate to the diluted sample. On leaving the mixture at the ordinary 
temperature for half an hour, a black precipitate will be produced if 
formic acid be present. After a longer interval, all samples of com- 
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mercial glycerol cause a reduction of ammoniacal silver nitrate, at 
least, if the liquid be exposed to light; and at temperatures above 50° 
the change occurs with greater facility. 

The presence of formic and butyric acids may be confirmed by gently 
heating the sample with alcohol and strong sulphuric acid, when 
esters of agreeable and characteristic odour will be formed. Ethyl 
formate has an odour of peaches, and ethyl butyrate that of pineapple. 

With a neutral solution of silver nitrate, pure diluted glycerol 
gives no precipitate. In presence of formic acid, butyric acid, or acro- 
lein, a white precipitate is formed, which blackens on standing or 
boiling. French perfumers and manufacturers of cosmetics reject 
samples which show any change of colour or turbidity within 24 hours 
after the addition of silver nitrate. Sulman and Berry found that 
nearly all commercial samples in bulk speedily effected reduction of the 
silver, with consequent blackening of the precipitate previously formed. 
Nitric acid has been found in distilled glycerol. Its presence, which 
cannot have been due to accident, masks the test with silver nitrate, 
and prevents the detection of impurities which are very objectionable 
in material intended for nitrating. 


2. DISTILLED AND DYNAMITE GLYCERIN. 


Distilled glycerin is obtained by distilling crude glycerin. It 
varies in colour from yellow to nearly white, and contains an amount 
of glycerol depending on its sp. gr., which varies from 1.22 to 1.26; the 
percentage of glycerol is very approximately obtained from the 
sp. gr. -To obtain a more accurate value, the acetin method is 
recommended by Lewkowitsch; oxidation methods give high results 
(v. infra). 

Dynamite glycerin is the name given in the trade to distilled 
glycerin having a sp. gr. 1.261 or above. Its colour varies from deep 
yellow to bright straw-yellow. Lewkowitsch collects from a number 
of buyer’s specifications the following points as characteristics of good 
dynamite glycerin. 

(a) Sp. gr. must not be less than 1.261 at 15.5°. 

(b) Lime, magnesia, and alumina must be absent. 

(c) Chlorides must be present only as traces. When to 1 c.c. of 
glycerin diluted with 2 c.c. of water silver nitrate is added only a faint 
turbidity should be produced. 
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(d) Arsenic.—Only traces are permissible. The Gutzeit test 
being too delicate, the following should be used. The glycerin is 
made very faintly alkaline by the addition of the least possible quantity 
of ammonia; on adding silver nitrate no milkiness should be visible. 
An excess of ammonia must be avoided as silver arsenite is soluble in 
ammonia. 

(e) Organic Impurities.—1 c.c. of the sample is diluted with 2 c.c. 
of water and mixed with a 10% solution of silver nitrate. The liquid 
should not become black or brownish within ro minutes. 

(f) Total non-volatile residue—ascertained as on page 467. It 
should not exceed 0.15%. 

(¢) Free Acid—The glycerin must not redden blue litmus-paper. 
Volatile fatty acids are detected by the production of a fruity odour 
(ester formation) when the sample is heated with alcohol and concen- 
trated sulphuric acid. 1 c.c. diluted with 2 c.c. of water should give 
no precipitate on adding strong hydrochloric acid. 

It may often happen that a sample which will answer the above 
requirements is yet unsuitable for the manufacture of dynamite; it 
must, therefore, be nitrated in the following way, which imitates the 
conditions obtaining on the large scale. A mixture of 1 part by 
weight of fuming nitric acid (sp. gr. 1.5) and 2 parts of pure sul- 
phuric acid (1.845) is prepared, and allowed to cool in a stoppered 
vessel. 375 grm. of the mixed acid are put into a thin-walled beaker 
of about 500 c.c. capacity, and stood in a large vessel through which 
a constant current of cold water passes. Great care must be taken 
that the water does not splash into the beaker, to which end the leading 
tube should be firmly fixed both to the tap and the basin. 50 grm. 
of the glycerin are weighed out, and, when the acids are not hotter 
than from 12° to 15°, added drop by drop, using a thermometer as 
a stirrer. The stirring must be very thorough to avoid local heating, 
and the temperature must not be allowed to rise to 30°, 25° being a 
safer limit. It the temperature indicates danger, the bottom of the 
beaker should be instantly perforated with the thermometer. The 
small beaker may be weighed again to give the exact amount of the 
sample added, and when the temperature of the other has fallen to eso 
the liquid is run out into a perfectly dry separating funnel, which may 
advisedly receive a preliminary rinse with strong sulphuric acid. The 
quicker the separation of the liquids, and the sharper the line of 
demarcation between the nitroglycerin and the acids, the better is the 
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glycerin. The nitroglycerin is always slightly turbid, but if it contains 
flocks, or the separation is not complete in 5 or 10 minutes, or if there 
is a cloudy middle layer of liquid, the glycerin must be rejected. 
With very bad samples, no separation at all may be obtained on 
standing several hours. 

If it is desired to make the test quantitative, the operation may be 
continued. The acids are run off; the nitroglycerin carefully swung 
round in the separator to detach drops of acid from the walls (without 
shaking it, however), and after these drops are removed, washed with 
warm (35° to 40°) water, once or twice with 20% sodium hydroxide 
solution, and again with water. It is then run into a roo c.c. burette, 
or graduated tube, and when the excess of water has risen to the top, 
the volume read off. This, multiplied by 1.6, gives its weight, and 
the yield should be at least from 207 to 210%—the higher the better 
(theory requires 246.7). If preferred, it may he weighed directly after 
filtration over salt, and its sp. gr. taken. The loss in the wash- 
waters is insignificant. 

To destroy the nitroglycerin, it is best absorbed in a thin layer of 
sawdust spread in an open yard removed from any buildings, and then 
set on fire with a match. It will burn away quietly. 

Owing to the danger attending this test, many chemists diminish the 
quantity of sample used to 15 grm. This is the smallest quantity that 
should be taken, as with less than this amount the test is quite useless. 


3. PURE GLYCERIN.. 


Chemically pure glycerin comes on the market in three grades: 
Sp. gr. 1.24, Sp. gr. 1.25, Sp. gr. 1.26, respectively. The ‘‘glycerinum”’ 
of the British Pharmacopceia has a sp. gr. 1.26; that of the United 
States Pharmacopceia of 1.25. 

The percentage of glycerol in pure glycerin can be ascertained by 
taking the sp. gr. on observing the refractive index in the manner al- 
ready described (page 465). With dilute solutions the percentage of 
glycerol is best ascertained by means of the dichromate method; 
Lewkowitsch also recommends the permanganate method for this pur- 
pose (compare above.) 

Ash plus polyglycerins should not exceed 0.03%; ash alone should 


not exceed 0.01%. 
Acrolein (and other reducing substances) are best detected by 
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adding a few drops of silver nitrate solution to the diluted glycerin; 
after standing 24 hours there should be no visible blackening. The 
test is made more sensitive by using ammoniacal silver nitrate. 

Volatile fatty acids are detected as on page 470. 

Arsenic must not exceed 1 part in 250,000. The best test for ar- 
senic is the Gutzeit test, which is carried out as follows: 

Place in a tall test-tube about a grm. of pure zinc, 5 c.c. of diluted 
sulphuric acid (6%), and 2 c.c. of the sample. The mouth of the test- 
tube is then covered with a tightly-fitting cap, made of 3 thicknesses of 
filter-paper. A drop of a 50% solution of silver nitrate is placed on the 
inner surface layer and the tube allowed to stand for 10 minutes in the 
dark. If arsenic is present, a bright yellow stain will appear on the 
filter-paper, which, on the addition of water, becomes black or brown. 
A blank test should always be made to establish the absence of arsenic 
in the reagents. Sulphides (which may be detected by substituting 
lead acetate for the silver nitrate in the above test) must be oxidised to 
sulphates before applying the test. 

The test is extremely sensitive. A less rigorous test may be made by 
substituting a drop of a saturated solution of mercuric chloride for 
the silver nitrate. If no yellow colouration appears after 10 minutes, 
the sample may be considered free from arsenic. 

Pure glycerol does not acquire a yellow or brown colour when very 
gradually mixed with an equal volume of cold concentrated sulphuric 
acid. Sugar and certain other impurities cause a marked darkening, 
or even charring, and in presence of any considerable quantity of 
formic or oxalic acid the mixture effervesces when warmed. Ovalic 
acid may be recognised more certainly by the formation of a white 
turbidity on adding calcium acetate to the diluted sample. It is not 
unfrequently present in raw, but never in distilled samples. 

Pure dilute glycerol does not sensibly reduce Fehling’s solution when 
heated with it to roo° for a few minutes, but prolonged boiling causes 
precipitation of cuprous oxide. Dextrose and arsenious acid will 
reduce the solution even before the b. p. is reached. Arsenic | 
occurs in glycerin recovered from soap-lyes which have been neutralised 
by crude hydrochloric acid, owing to the fact that it volatilises (probably 
as a compound of glycerol) when the glycerol is distilled. Cane-sugar 
can be recognised by the same test, if the sample is previously heated 
_ to 70° or 80° for 10 minutes in 5 times its volume of water and half its 
volume of strong hydrochloric acid, and the inverted solution be neu- 
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tralised with sodium hydroxide before adding the cupric solution. The 
test can be made quantitative if proper precautions be taken (see Vol. r). 
Cane-sugar will be further indicated by the charring produced on 
mixing the sample with strong sulphuric acid, and warming; and 
dextrose by the brown colouration produced on boiling the sample 
with a solution of sodium hydroxide. Dextrose may further be recog- 
nised by the reduction which ensues on heating the diluted glycerin 
to 70° with potassium ferricyanide and potassium hydroxide. On 
acidifying the solution and adding ferric chloride, prussian blue will be 
formed if dextrose was originally present. 

Cane-sugar, dextrose, and dextrin (but not milk-sugar or arabin) 
may also be recognised by a test due to Mason. A mixture of 0.5 c.c. 
of the sample, 15 c.c. of water, 2 drops of strong nitric acid (not more), 
and 0.5 grm. of ammonium molybdate is boiled for 2 or 3 minutes, or 
longer if the quantity is small, when a blue colouration will be pro- 
duced if 0.25% or more of one of the above impurities be present. 
Dextrin and gum would also be precipitated on diluting the sample with 
a large proportion of alcohol. They may be distinguished as described 
in Vol. 1. 

Sugar and other carbohydrates may also be detected and estimated 
by observing the optical activity of the samples (see Vol. 1). They 
can occur only as adulterants. Lajoux (Chem. Zeit., 1882, 6, 1035) 
states that a saturated solution of magnesium sulphate mixed with 
commercial glucose has been used in France as an adulterant for 
glycerol. 

The analysis of mixtures of sugar and glycerol has been already 
described (Method of Donath and Mayrhofer). If the actual 
separation of the substances for gravimetric estimation or subsequent 
examination is desired, the best plan is to separate other organic com- 
pounds as far as possible by precipitating the cold solution with basic lead 
acetate used in slight excess, concentrate the filtrate at a low tempera- 
ture, and extract the residue with a mixture of 2 volumes of abso- 
lute alcohol and 1 of ether, or of 2 of alcohol and 1 of chloroform. 
These solvents leave the sugar undissolved, while the glycerol contained 
in the solution can be recovered more or less completely by evaporat- 
ing the solution at a low temperature. If the solution be diluted 
with about twice its measure of water and faintly acidified before 
evaporating, the layer of ether or chloroform which separates 
often carries with it much of the colouring matter and resinous 
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impurities which may be present, thus leaving the glycerol in a 
comparatively pure form. — 

Distinction Between Raw and Distilled or Pure Glycerin.—The 
values found for ash, organic impurities, and the difference in behaviour 
with basic lead acetate give a means of distinguishing between distilled 
and undistilled glycerin. 

All so-called crude glycerin imported into the United States is 
examined by the government chemists to ascertain whether it is 
really crude or has been partially or wholly refined, as in the latter 
case a higher rate of duty is charged. Glycerin that has been freed 
from impurities by allowing them to subside and then straining and 
filtering, is still classed as ‘‘crude,” but if proved to have been sub- 
jected to further purification it is classed as ‘‘refined.” For practical 
purposes of classification distillation is regarded as the dividing line 
between crude and refined glycerin. For this purpose J. H. Wain- 
wright (J. Soc. Chem. Ind., 1889, 11, 125) attaches great importance to 
the following tests: 

The Carbonaceous Residue is obtained by heating to grm. of the 
sample in a platinum crucible till it ignites, when the source of heat 
is removed and the sample is allowed to burn away spontaneously. 
In distilled glycerin this will not be over 0.5%. Crude glycerin may 
yield as much as 10%. The percentage of ash appears to be a less 
reliable criterion, but should not be over 0.1%. 

Silver Nitrate Test.—5 c.c. of the sample are diluted with 20 c.c. 
of distilled water, mixed with 5 c.c. of a 2% solution of silver nitrate, 
and allowed to stand for one hour. Only a slight precipitate will be 
formed with distilled glycerin at the end of this time; whereas with 
crude glycerin the precipitate is large, usually comes down at once, 
and is almost always flocculent. 

Lead Test.—The solution is prepared by boiling 10 grm. of lead 
acetate and 8 grm. of lead oxide with 500 c.c. of water, and filtering. 
2 volumes of this solution are mixed with 1 volume of glycerin 
and 1 of distilled water, and allowed to stand for 1 hour. Refined 
glycerin may produce a slight precipitate, but this is never flocculent. 
Crude samples produce a more or less abundant flocculent precipitate. 

Wainright does not consider it safe to rely upon either of the two 
last-mentioned tests alone, but if a sample will not stand both of them, 
it is thought perfectly safe to call it crude. 

Mr. Chas. C. Roberts, of the United States Customs Laboratory 
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at Philadelphia, furnishes the information that these tests are still in 
use, and in addition refined glycerin should give only inappreciable 
precipitates with ammonium oxalate and barium chloride, the sample 
being diluted as noted above. The reaction should be neutral or 
slightly acid, and the sp. gr. at 15.6°, 1.2500. The sp. gr. is not, how- 
ever, regarded by the appraisers as an absolute requirement. Samples 
not according with these requirements for ‘‘refined glycerin” are 
dutiable as ‘‘crude.” 

Estimation of Glycerol in Special Cases. 

1. In beer, spirits and wine (see the sections on these subjects in 
Vol. 1). 

2. In oils and fats: ‘The estimation of glycerol in the glycerides 
present in fats and oils is generally carried out by the acetin method. 
20 grm. of the fat or oil are saponified with alcoholic potassium 
hydroxide as in determining the Reichert value (page 22). The soap 
is dissolved in a considerable volume of water, and decomposed with 
dilute sulphuric acid; the precipitated fatty acids are filtered off, 
an excess of barium carbonate is added to the filtrate which is then 
evaporated on the water-bath until most of the water has been driven 
off. The residue is then extracted with a mixture of ether and alcohol 
(1:3), the bulk of the ether-alcohol volatilised carefully on the water- 
bath and the residue dried in a desiccator (preferably in a vacuum) and 
weighed. It is not necessary to dry the glycerin to a constant weight, 
as the amount of glycerol in it is determined by means of the acetin 
method described on page 460, taking 1 to 1.5 grm. of the crude glycerin 
for the experiment. 

Fanto’s Method (Zeit. angew. Chem., 1904, 1'7, 420).—10 grm. of 
the sample are saponified with 100 c.c. of N/2 alcoholic potassium 
hydroxide, the alcohol is partly evaporated, roo c.c. of water is added, 
and the fatty acids liberated by adding acetic acid. The mixture is 
then cooled, and the solid fatty acids which separate are collected 
on a filter and thoroughly washed about 5 times with 15 to 20 c.c. of 
boiling water; if the fatty acids are liquid it is advisable to add a little 
paraffin wax to accelerate solidification. The aqueous filtrate and 
washings are boiled down to about 60 c.c., and when cold made up to 
roo ¢.c. in a measuring flask. 5 c.c. is then taken for the estimation of 
glycerol by Zeisel and Fanto’s method (see page 461). 

. Lewkowitsch (Analyst, 1903, 28, 104) found that Zeisel and Fanto’s 
method gave incorrect results when the fat was treated directly with 
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hydriodic acid; the modification described above of the original method 
is stated by Fanto to be quite accurate. Schulze, as already stated, 
prefers Fanto’s method to all others. 

3. Glycerol in Soap.—See under Soap. 

4. Glycerol in Soap-lyes.—A known quantity of soap-lyes is 
concentrated so as to give a crude glycerin and the percentage of 
glycerol in this estimated by the acetin method (Lewkowitsch). 

Fanto recommends (Zeit. angew. Chem., 1903, 16, 413) the following 
modifications of Zeisel and Fanto’s method described above. 

20 c.c. of the lye are diluted with 2 to 3 volumes of water and an 
amount of silver sulphate added equivalent to the chlorides present. 
After warming on the water-bath during several minutes, shaking well 
at intervals, a hot solution of barium chloride is added so as to precipi- 
tate the whole of the sulphuric acid. The liquid is filtered, the precipi- 
tate thoroughly washed with hot water, and the filtrate and washings 
evaporated to 80 c.c. After cooling the liquid is made up to 1ooc.c., 
and the glycerol in 5 c.c. estimated by the hydriodic acid method. 


CHOLESTEROL AND PHYTOSTEROL. 


By JOHN ADDYMAN GARDNER, M. A., F. I. C. 


CHOLESTEROL. CHOLESTERYL ALCOHOL. 
C,, Hy O=C,, H,, OH. 


Cholesterol is widely distributed in the animal kingdom, but has 
never been found in the vegetable kingdom. It is present in bile, 
blood-corpuscles, blood serum, brain, spinal cord, sperm, yolk of egg, 
perspiration, and skin grease; in the glands—liver, kidney, pancreas, 
salivary, stomach, and ovaries; in the fat tissues—bone-marrow, under- 
skin fat, kidney fat, milk fat; in tendons and muscles. It occurs also 
in the tissues of the lower animals and has been recently found in 
various species of sea anemone (A ctinia equina and Taclia crassicornis) 
(Dorée, Biochemical Journal, 1909, 4, 72. It is found in most patho- 
logical fluids and tumours, gall-stones often containing as much as 
98% of their weight of cholesterol. There can be no doubt that it 
is a constant constituent of all killed animal protoplasm. 

Cholesterol is quite insoluble in water, very slightly soluble in cold 
dilute alcohol, still less so if the alcohol contains salt in solution. It is 
‘easily soluble in 5 to 9 parts of boiling alcohol, in 3.7 parts of ether, 
6.6 parts of chloroform, and in acetone, benzene, petroleum ether, 
carbon disulphide, and turpentine. It is also dissolved by volatile 
and fatty oils and by aqueous solutions of bile salts. It crystallises 
from ether or chloroform in anhydrous silky needles, and from 80 to 
90% alcohol in characteristic rhombic plates containing 1H, O. It 
loses this water at 100° or in a vacuum. Anhydrous cholesterol 
melts at 147° and has a sp. gr. 1.046. It is levorotatory, and the 
specific rotatory power appears to be independent of temperature 
and strength of solution and is not altered even by long standing. In 
ether solution (a), = —31.12°, but in chloroform (a)'°, = —36.61°. 
On heating, it sublimes almost without decomposition in delicate 
laminz and can be distilled in vacuo. 
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Cholesterol is not acted on by dilute acids, or by concentrated 
alkaline solutions even on boiling. Lewkowitsch has noted that when 
cholesterol is heated with soda-lime no, or at most very small quantities 
of fatty acids are formed—an important difference from aliphatic 
alcohols. Chemically, cholesterol behaves as an unsaturated second- 
ary alcohol. 

Cholesterol dibromide, C,, H,« Br, O, is best prepared by dis- 
solving so grm. of cholesterol in 500 c.c. of ether and adding a solution 
of 25 grm. of bromine in 250 c.c. of glacial acetic acid. After a short 
time the mixture sets to a mass of crystalline needles of cholesterol 
dibromide. These are filtered on the pump, washed with acetic acid 
and then with water. The dibromide thus prepared is pure, and if 
the small quantity that remains in solution is precipitated by the 
addition of water the yield is quantitative. 

The dibromides of the esters of cholesterol may be prepared in a 
similar manner. Cholesterol dibromide prepared as above melts at 
123°. It is readily reduced to cholesterol by the action of zinc dust 
and glacial acetic acid or of sodium amalgam in presence of ether. 

The calculated iodine-absorption of cholesterol is 68.3. Lewkowitsch 
obtained figures closely approximating to this. 

Cholesteryl Esters.—Cholesteryl acetate, C,, H,; C, H; O., is best 
prepared by boiling cholesterol for 20 to 30 minutes with an excess 
of acetic anhydride. It crystallises from benzene in needles. It 
is fairly soluble in ether and slightly so in cold alcohol, but more 
readily in hot. It melts at 113°, and has a specific rotatory power. 
(a), = 20.8": 

Cholesteryl propionate, C,, Hy; C; H; O.,, is prepared by heating 
anhydrous cholesterol with half its weight of propionic anhydride on 
the water-bath for half an hour. On cooling, the propionate separates 
as a white mass, and may be purified by repeatedly dissolving in 
ether and reprecipating with alcohol. It crystallises in rhombic 
plates something like cholesterol, and melts at 98°. On cooling from 
the melted state a play of colours is seen about the point of solidifi- 
cation—violet, blue, green, orange, copper-red by reflected light and 
the complementary colours by transmitted light. This is very 
characteristic. 

Cholesteryl benzoate, C,, H,, .C, H, O,, is formed by heating 
cholesterol with benzoyl chloride or benzoic anhydride, but the best 
way to prepare it is to dissolve cholesterol in dry pyridine and add a 


CHOLESTERYL CHLORIDE. 481 


moderate excess of benzoyl chloride. The mixture is allowed to stand 
overnight, and then poured into water. The precipitated cholesteryl 
benzoate is washed with a little alcohol and recrystallised from ethyl 
acetate or from boiling alcohol. It is only slightly soluble in absolute 
alcohol. If crystallized from alcohol, the mother liquors retain at 20° 
0.12 grm. per roo c.c. The crystals are, however, more difficultly 
soluble. The writer found that on allowing crystals to stand in 
alcohol at 20° for several hours with occasional shaking only 0.029 
grm. dissolved in 100 c.c. Cholesteryl benzoate melts at 145 to 146° 
to a turbid liquid, which becomes clear at 178°. On cooling from 
178°, an azure-blue colour appears, and this changes to a deep blue 
colour at about the point of solidification, which persists for a few 
moments. This behaviour is exceedingly characteristic. 

Cholesteryl chloride, C,,H,.Cl, was first obtained by Berthelot by 
heating cholesterol at roo° with strong hydrochloric acid for ro hours. 
It may also be prepared by the action of phosphorus pentachloride on 
cholesterol, but, according to Diels and Abderhalden, it is most readily 
obtained by the action of thionyl chloride. Cholesterol dissolves in 
this substance with foaming and the solution eventually sets to a stiff 
mass of cholesteryl chloride, which may be purified by crystallisation 
from ether. It melts at 96°, and has a specific rotatory power [a],= 
—26.36°. Many other esters of cholesterol have been prepared, but the 
only ones that need be mentioned here are the oleate and palmitate, 
as they have been found in blood serum and in some pathological 
fluids. 

Cholesteryl palmitate melts at 77° to 78°. Cholesteryl oleate is 
easily soluble in ether, chloroform, benzene, and hot acetone, but in 
alcohol is more difficultly soluble than cholesterol. It crystallises in 
needles, melts at 41°, and has a sp. gr. rotatory power [a], = —18.48°. 

It is insoluble in water, but is said to possess the peculiar property 
of taking up considerable quantities of water, forming a perfectly 
homogeneous salve-like, somewhat foamy mass, not unlike lanoline. 
It gives the cholesteryl colour indications (see later) in a modified 
manner. 

The cholesteryl esters can be easily saponified by boiling with an 
alcoholic solution of potassium hydroxide, or, in the cold, by the action 
of sodium ethoxide—on the ethereal solutions. 

Digitonin-cholesteride, C,,H,s0.C;;H,,O.8, is prepared, accord- 
ing to Windaus (Ber., 1909, 42, 240), by mixing a hot solution of |r 
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gm. digitonin in too c.c. 90% alcohol with a solution of o.4 gm. chol- 
esterol in 60 c.c. of 95% alcohol. The substance is precipitated in 
the crystalline form and, after standing for 1 hour, is filtered, washed 
with alcohol and dried at 110°. It is easily soluble in pyridine, but 
insoluble in cold water, acetone, ether, ethyl acetate‘and benzene. 
roo c.c. methyl alcohol dissolves at 18° about 0.47 gm.; 100 C.Cc. 95% 
ethyl alcohol at 18° only 0.014 gm., and at 78° about 0.16 gm.; 50% 
boiling alcohol, 0.03 gm. The dry substance is very hygroscopic and 
gives in a typical manner the Burchardt-Liebermann test for choles- 
terol. It has no definite m. p., but decomposes gradually at 240°. 

Phytosterol, coprosterol, stigmasterol and many alcohols of other 
series form similar compounds, but the esters of cholesterol do not inter- 
act with digitonin. 

Oxidation.—The carbon skeleton of cholesterol is extremely stable, 
and though the substance is readily attacked by oxidising agents, the 
products are usually neutral or acid substances of the same carbon con- 
tent. Oxidising agents usually attack the double linkage, or both the 
double link and the carbinol group; but Diels and Abderhalden 
(Ber., 1904, 37, 3092) found that when cholesterol is heated with 
powdered copper oxide to 280 to 300° the CH(O.H.) group is oxidised 
to CO, the ketone cholestenone being formed. 

Cholestenone, C,,H,,O, is, however, more readily prepared by 
a method devised by Windaus (Ber., 1906, 39, 518). Cholesterol 
dibromide is oxidised either by chromic acid in glacial acetic acid 
solution at 70° or by means of an acid solution of potassium per- 
manganate in the cold. The cholestenone dibromide thus formed is 
reduced by means of zinc dust and acetic acid, and the cholestenone 
obtained in a yield of 60%. Cholestenone melts at 81 to 82°, and 
forms a hydrazone, which crystallises in needles, m. p. 152°; a semi- 
carbazone, m. p. 234°, and an oxime, m. p. 150°. 

Detection of Cholesterol.—When moderately pure, cholesterol is 
easily recognised by its characteristic crystalline form. The sub- 
stance to be tested should be boiled with 90% alcohol, the solution 
filtered hot and allowed to cool slowly. Either immediately on cooling, 
or after previous concentration, the cholesterol will be deposited in 
crystals, which, viewed under a moderate power appear as thin, very 
transparent, rhombic plates, the angles of which are well defined and 
constantly measure 79° 30’, and 100° 30’. 

The most valuable tests are, however, the formation of the acetate, 
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benzoate, dibromide and digitonin compound by the methods already 
described and the examination of their properties. The esters may 
be prepared with. care from quantities of cholesterol as small as 
0.05 grm. and the digitonin-cholesteride from quantities much smaller 
than this. These derivatives sometimes form a convenient means of 
separating cholesterol from other substances. By means of the digi- 
tonin compound cholesterol may be distinguished from its esters. 

Cholesterol gives a number of well-marked colour indications which 
are sometimes useful and of which the following are the chief: 

Schiff's Test.—Cholesterol is cautiously heated with a drop of 
concentrated nitric acid, and the pale yellow product treated with 
ammonia before it has completely cooled. A deep yellowish-red 
colour is developed which is not essentially altered by fixed alkalies. 
The indication, however, is not specific, as it is given by turpentine 
and other substances. 

Moleschott’s Test.—If a crystal is warmed on a microscope slide 
‘with a mixture of 5 volumes of concentrated sulphuric acid and 1 
volume of water, cholesterol acquires a fine carmine-red; with 4 
volumes of acid and 1 of water, it becomes blue without warming; 
with 3 acid to r water, violet, and 2 acid to 1 water, pale lilac. 

Hydrochloric Acid Test——When cholesterol is evaporated with 
strong hydrochloric and mixed with 1/3 of its volume of a solution 
of ferric chloride, the residue is coloured a fine red-violet, changing 
to blue-violet. Gold and platinum chlorides behave similarly to ferric 
chloride. 

Salkowski’s Test—A few mg. of cholesterol are dissolved in 
about 2 c.c. of chloroform and then shaken with an equal bulk of 
strong sulphuric acid. The chloroform quickly becomes blood-red 
and then cherry-red or purple, a colour which it retains for several 
days. A few drops of this solution poured into a basin become blue, 
green, and then yellow, owing to the absorption of water. The original 
colour may be again restored on adding some sulphuric acid. The 
sulphuric acid which separates from the chloroform presents a distinct 
fluorescence. 

Burchardt-Liebermann Test.—A few mg. of cholesterol are dis- 
solved in 2 c.c. of chloroform, 20 drops acetic anhydride are added, 
and a single drop of concentrated sulphuric acid. A violet pink 
colour is developed. ‘This test is very delicate, but the indication’ is 
shared by resin acids and other substances. More or less similar 
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colour indications are given by many derivatives and isomers of chol- 
esterol, and by other allied substances. 

Isocholesterol.—This body is isomeric with ordinary cholesterol 
and occurs with it in wool-fat. It has not, however, so far as the 
writer is aware, been found in any of the organs or tissues of the 
animal body. 

To separate cholesterol and isocholesterol, the mixture should be 
heated for 30 hours in a sealed tube to 200°, with 4 times its weight 
of benzoic acid or benzoic anhydride. The product is then repeatedly 
boiled with rectified spirit, when excess of benzoic acid dissolves and 
the cholesteryl and incholesteryl benzoates remain. By crystallising 
from ether, the former is obtained in shining rectangular plates and 
the latter as a light crystalline powder which may be separated by 
decantation and elutriation. 

Isocholesterol benzoate after recrystallisation from ether is obtained 
in the form of minute needles melting at 190 to 191°. 

Isocholesterol is obtained by saponifying the benzoate with aleoholie 
solution of potassium hydroxide. It separates from absolute alcohol 
in flocks when the solution is dilute, but a concentrated solution 
solidifies as a transparent jelly. From ether it is deposited in needles. 
It melts at 137° to 138°, and has a specific rotatory power [a], = 
+60°, which is independent of the concentration of the solution. 
Isocholesterol gives the Schiff’s test (page 483), but shows no colour 
changes with sulphuric acid and chloroform or with ferric chloride 
and a mineral acid. With the Burchardt-Liebermann test (page 483) 
a yellow and afterward a yellowish-red colouration appears, with, at 
the same time, a green fluorescence. Isocholesteryl acetate is obtained 
by digesting the alcohol with acetyl chloride until the evolution of 
hydrogen chloride ceases, and then heating to 100° in a sealed tube. 
On removing the excess Of acetyl chloride by evaporation, isocholesteryl 
acetate is obtained as an amorphous substance. It is readily soluble 
in alcohol, and melts below 100°. 

Vegetable Cholesterols.—Cholesterol is represented in the 
vegetable kingdom by the isomeric substance, phytosterol, which 
appears to be equally widely distributed. After the discovery of this 
substance by Hesse in calabar beans and peas in 1878 (Ann., 1878, 192, 
178), many different plants were examined by various observers; and a 
large number of substances, all very similar in properties and melting 
between 130° and 137°, were described. A list is given in table I. 


485 


VEGETABLE CHOLESTEROLS 


—$—$—— ee 


ee ee ee eee 


‘joedn’y reqn *B[OIUIeO “u0ysvYyD, 
‘ssIq. “UesyODQ opIA NER [OCA oC asic (2) OFF ETS al eco eee mn acer JoreysoyAyq |Vttodoos jo sjyooy |purv uevysungd (oz) 
‘¥89 ‘Efe ‘S6gr 
‘Toysa orpruyed sy | “wmspy gq cee sess SER aS so nelhie eke chase male COPEL O EY Eres) alpine elas cua naos [OroysoyAY jeurpuosiv eryoojoystry fost ++ * essozy (61) 
‘9S fo ‘ ‘spses 
Aaa) qnoqy ‘6881 “1q1D4uay ee SIS 180! w O4R-S 1014 (79) fo oan iw La e)'at st\hierna) iieW Uw alia alive eltelipaiitetauie: site yeualre see *oraqsoy Ay umnrpodoosy, wort ro i ole AysMoyNG (81) 
“LSS ‘oz *[I0 
‘L88t “maya, youn Gear Hc en uei aii tel [it ge NE LORRI L ES TOOT or el—eeen we ee JoteysoyAY_ |teAtppoo peyeroynpy [tts PisMox[eg (41) 
‘ofb ‘Sr “(eYusTNose sua/T) 
‘16QI “may ‘styd naz anne FL lai Salem SOTA MSH ne YY INEM) Galt Joroysoysy jwWnAIyes wnstg |::-°*: AIUIerAVT (91) 
“OSE 69 ‘bggr 
“mays syd POO | (elon nage aiience omnes se teks (0c FOMEI%) | gefm [rrr JO19}s0yAY gq Speses uMoryoog |'* "+ +++: shyyoseg (S1) 
“6SI ‘Sz ‘Tuuated wmi,oz “Loiqieg 
‘QQ “mayD “qypsd “ff | ttc c tte t fers recess (oH +O"HI%) | £69f% Irrres Jorejsoysy |‘ores[~na worry pue az{[nyog (v1) 
"LOS *Z 
“L88i “may ‘*stpuopy oVhI SO te ae eyusesiinie secs ets) oigckey ToyoLBIOIpAP |*****syo0r11v9 Jo SJOOY |' °°" "* ezqrureyy (£1) 
*00c h1I ‘TOQI “uuy B16 50.0 i64o RSL ANS) | eMapalie: wrote Amel Tuilar's ip: te veh edie see eek cane caus JOJOLVOOIPA TT henae ByOI1vO snoneq se eee uururesn yy (21) 
‘JO1e}soyAyd 
S$,9SS9 Fy] YILM [eory : 
-uapt paiepisuog ar oCor ‘61 ‘Oger. “49g eye Sea Sec avehte atl mete) wie) piel s).0 (A) Or E99 Qe BO Ch) yoyor1eg se eee (uaqn yy) sjoog see eae pneuiy (11) 
“(yes 
"rose ‘oz ‘L991 “ag CPSC SL MICO He Cy Cat te MC etnies CP ICeE ae | uric Ich Ce CehCurp tl owl eset aty Ace, JO194sopAyg -uaqn yy) eornt Sek eave uuvuiddry (or) 
PIEMepod 
“Oce ‘Lot ‘1ggi “uup | .gzI—her |-*-+°+ °°: (pleas ste) * [O1a4seToyoeieg |* umorydes unyeyyy |pue oeyuray (6) 
‘9061 ‘sarqey, JoadmyT 
celeiny Ua tqm@e Gaecisre) |eocoo ao neta ooo non plinceranoncaoodna. “+ +s sToraysoykug jit tte te Avy Mopwoyy [oot t es: * Buoy (g) 
au CG PCR Ya Ha COR SE | NO DIRE 5 oct (2)O7H +O% 929 - ee ea LOF0ASO7 Ar ea suvaq Ieqeled verse asseyy (4) 
{|"996r ‘4y9e13Q “ssIq 
«Woadnyraqan, ‘uayog [oor e este fe eee ee eee eee eelleycesiauamnie (efor) L-MotsMel( Meh s\ceNawal sill fe eMac et sve DOO Cink «hei !Sinia rc om aoe bon Agueg |°"**+ uroyssayyem (9) 
“OLS ‘gr ‘L6g1 
“ysqouo TAT ‘uering fe’ ofLeniay iw! tw fern leita Sea) eves ie ohisi bie leiie' ‘al, ieitesi¢ (euplier sitet whale a, {real elas altehiey piete\iaiel hal siel'e tere allot dts Pay aoa eau aeie site we) (6 Ww itme oh 8) . SSBIDy see eee *yorryos (S) 
“Q98I ‘3unyons ‘TIo puowye 
‘Jor94Se[0Yo oq aj) "may “pay \it+ tts E seen nitsilkseiter ave al abadel-ailnreloWelte KolcszaNoke Resta) au cteted [acne Peete ate eee pue yJo odes ‘ezrey |*** 19[hog-eddoxy (¥) 
O} SIa}yIM 9yy "gz& 606 
Aq perepisuog ‘€gg1 “may 4ypid of chee ee eae a iaiaa\ a[ha) oda) > hi niin: Tal \@ Toni dta\' acre Veilaits/ re) alalan}|\eliailp (oie la iatlal faite raya lt aisaipi tel aiieieh e Cun Uaet er) t te *syIo snTloLeA ‘svog eae Jafouruapury (£) 
“PPS ‘€ggr “uayO “p 
*YOS}.1O ‘Dp “qsoryet meee) el ale) ae. ‘alto. (9:01 'e//aitw\seiie. tai leifaiie)‘s ieiial e/<sttalial miele e fet 'ellkaweliet al ove . sia) s)\o) Bie twitter lel els wee eee uo4nys yeaa tee uesneyyyny (z) 
‘sjzed wossojq 
pue ‘spsas ‘szurd 
f *6re aa ‘ZQQI “Uuny ‘er G!'@. 0; 60h 4)! ae OO! Gen evalle. oie. vila ais) 0 6p sere a) eva. a “* © .0-[gh OTe) 'e) 4g 8p \erle) im ua ray ates! ‘svod pseg see eae oe oyeueg (1) 
: ( 
YBOZ a OIa4so 
SHIVUIDYT Soouelejayy 5 z Bee boca = peusisse enui0 yy t jo pen Se {SHWeyo jo sweyy 


aa 


ee 


SS 


CHOLESTEROL AND PHYTOSTEROL. 


486 


VL‘y ‘6061 ** f ‘mays01g of VI peer 9 OHO 4 EI £19* TOTSASCUONND) | PSS ANTS BTOE Cy sienna caine TO (tii (ae) 
“usu “601 ‘Ib ‘Vo6br 
-toeds jo Ayrnd |*may ‘joistyd “paz 821 over O8 F290) fel *** Toreysosuo0dg |: ejnounuiop seyeqng j**********ezuey (IV) 
jo ureyIe90 9ymb “YOsyo M 
you sisioyyny *t19 ‘eV ‘6061 “4ag oot oVEt O% HO ovr 22 © OeISOPAT GP = es Te) SEE pue snepurj (of) 
*Z6£—-Lge ‘pr ‘LO61 “esoulds “Apreyy 
“MdDYT “WS “nT of VI Ai ae re he Hh EO 1 ONE o8 VI “****ToraqsoyAyg |e1oydouryoy jo sjoo yy pue emoqiey (6£) 
“O8gt Ser 
-Ig9£ ‘or toga tog ooh het sede eee ewer cene ol ft “+++ +Toraysoysyg |*°°°° "+ weaq seqeTeO pue snepury (8£) 
*JO.194SO}IS 
YYIM eorjuept *pof—oo€ “umnoru 
jDLBGs Dn HEA Sha WY RN a atone k op NTS: we ary BY of fel Ht a eS SH SEN EO OERONE SC Bo Od SO o4 £19 E1 “**+IoraysoyAyg |-lopyeo wodyorpog |*ulny puesamog (4£) 
*1G% ‘Gz ‘£061 
KS May) “Lamy oF tae see a es ee ewer ese eeeee ee as *****ToOI9}s0yAY seen eee [IO ozreyy “**syyeyT, pue TID (9£) 
*9L6 
—SL6 *9€ ‘So6r “139g Pacers tye iro see ee we wee OPED cunt 22 TOTS SEIS, OT BEE OPES Hae 8 qoog see eee Jojdun yy (S£) 
"6 41 
‘S061 yqw.yuay “May jOVI tte eee o+ . Se ee eee oVEl “+++ *T010}s0]44g sete sees qo aATTO pee SAO 38 fa) 73) (v£) 
*gog—109 $1 ‘S6QT “Ajtind 
‘[o] “my ‘manyd “[ | ou pynog Saw = sovsecrececerse! QEr—SEr |pors\sojoyo UE |" °" > -yseek Saomorg ||" -s°-* ~* > pavsieny (Ee) 
*SIa4so *Igof ‘VE ‘zo6r 
I9y30O snowed |*mayD <‘shyd “az on ve a te alee on Oek vie TOLATSOPUS Olle TTS FAT MN pie a SOAS (Cie) 
“99S ‘gr ‘L6g1 - ‘aaoge 
“May  paysjpuo py oPFI— SIT | OeF+ OM HAD oo 42t “**TOLeYsOoyIseIeg | Jo sionbiy seyyoW |**"**~ “* welLng (1£) 
(‘Jo104s “ESS “gr ‘L6gr 
-oyAYG aing) |*may) ‘tfaysyouopy |,S*gvI—,Sv1 hel on La eE “oDtie TOTOYSORS [P= ° TTS Roy AA: oo ie sae. (Of) us 
"6co SZ 
‘16QI‘7q]p44UIayD “may dD se eee . oa . oe) ee D6 ie 0, © one is ete ee eee Bs a) ree "++" *ToIE4ysoyAU . see eee qIo adeyy ee TasUISsTaMYyIG (62) 
"cht *e pg “sLIqey 
“LORI ‘7q]paquay mayD |" * AN.) OE Oreo) on SEL “s+ *TorajsoqAyg |'" "°° ° flo euresag |pue eIyD09A BTIA (82) 
*poyestjsoa 
-ur Ay}UeTOyNS 09 f9—_V EL eOVI=s6E2 | °° 9 *TOTaysoqAGG {95° 29932 = fio edey |< 9579) somo (22) 
you  ynq_ ‘s{to *Sog “PY ‘1061 axe) 
I9qy4O snomea |“ssnuay “4yonT “4207 4 | .QVI—,SVI | ,621I—,ger O# HAD o2 41-41 |*****To1aqsoyAyg |psssuy puevyio auresag |********* rawOg (92) 
uL punoy os[e “SOL *z ‘66gr “s[IO. 
alam [OIeysoyAYy |‘‘ssnuay “4ypNT ‘Maz || .€vI— cv | .gzI—,€er gueI=_QEE oe JoraysoyAyg |4}}e} pue paasuozjyog |********* Jowog (Sz) 
ol VI-,vvI | SzI— vel Sn LOer eer s JOISISOT AN a es Surrey listens les * uosqooe{ (Vz) 
*JOTayseTOYyo “ce SEL ‘gggr o9VI—SVI | .QII— 411 x Free ovel=goen jays jor1sysopAYy ger soles Sead jit 26s wosgooel (£2) 
se pouoyooy | |‘ mayyD orsdyd paz AVI 9029-611 O*H+07 H%) eae Te eel JoteysoyAy “t*"* seed yoamg |**"**"* wosqooef~ (zz) 
on SVI- SFI o9et on SEI— S*EEr]* °° *joreysoyAy |°*"*" °° “suvaq peorg |*****°* Wosqooef (12) 
9yeozus ayepoor eysozyAyd 
SYIVUIOY SooUIajoyy ee Hii a j a a W peusisse einuI0O yy ‘d “WW aes eu eae S qstWayo JO swWeNy 


PSOE OD) meet lecial live: 


VEGETABLE CHOLESTEROLS. 487 


It seems probable from the recent work of Windaus and Hauth 
(page 493) that these consist of one and the same substance in different 
degrees of purity. This substance is identical with the phytosterol 
of wheat germ, which was first isolated and carefully examined by 
Burian (Monatsh., 1897, 18, 572). Besides these low melting phyto- 
sterols a number of products of higher m. p. have been isolated. 
Of these we may mention caulosterol, isolated by Schulze and Barbieri 
(J. pr. Chem., 1882, 25, 160) from the cotyledons and hypocoty- 
ledonous parts of lupins, which melted at 158-159°; and stigmasterol, 
m. p. 170° (see later, page 493). According to Gérard (Compt. rend., 
1892, 114, 1544) the phytosterols of cryptogams quite generally appear 
to differ from those of phanerogams by having a higher m. p. The 
best known representative of the first group is the ergosterol of 
Tanret (Compt. rend., 1908, 147, 75), isolated from ergot, which melts 
at 165° and possesses an unusually high rotation. This substance, 
according to Tanret, undergoes a slow decomposition under the in- 
fluence of light. 

Besides the above-mentioned true phytosterols, which are isomeric 
with animal cholesterol, a great number of phytosterol-like substances 
have been found, which differ in their composition from cholesterol. 
Thoms (Arch. Pharm., 1897, 235, 39) has proposed to include these 
substances under the general heading phytosterols—as they are 
unsaturated alcohols of high molecular weight, give the colour reactions 
of the cholesterol group, and owe their origin to physiological proc- 
esses similar to those which produce phytosterol. It is, however, 
difficult to know where to draw the line. A list is given in Table II. 

Phytosterol (sitosterol of Burian), C,,H,«O, is easily soluble 
in ether, chloroform, benzene, and carbon disulphide, sparingly 
soluble in cold alcohol, but readily in hot. Like cholesterol, it crystal- 
lises from go% alcohol with 1H,O. It crystallises from alcohol in 
fascicular well-formed fairly broad crystals, and when the crystal- 
lisation is slow the crystals assume the form of 6-sided tablets. It 
melts at 137°, and in ether solution has a specific rotatory power (a), 
= —26.71°. 

Phytosteryl acetate, C,,H,;.C,H,O., is prepared in a similar manner 
to cholesteryl acetate. It melts at’127°. 

Phytosteryl propionate, C,,H,,C,H;O., melts at 108°. 

Phytosteryl benzoate is prepared by heating phytosterol with benzoic 
anhydride or benzoyl chloride, but is not readily obtained by the action 
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of benzoyl chloride on a pyridine solution of the alcohol. It crystallizes 
in oblong rectangular leaves and melts to a clear liquid at 146°. When 
the melted substance cools, a play of colours at that point of solidifica- 
tion is observed—yellowish-green, blue, and faint red. An account of 
the esters formed by phytosterol with the higher fatty acids will be 
found in a paper by Ritter (Zeit. physiol. Chem., 1902, 34, 430). 
Gill and Tufts (J. Amer. Chem. Soc., 1903, 25, 251, 498), and also 
Schulze and Winterstein (Zeit. physiol. Chem., 1905, 43, 316) found that 
phytosterol undergoes a change on standing in the air, which causes 
a lowering of m. p. According to Polenske and also C. Virchow 
(Chem. Centr., 1897, 11, 395), if animals are fed with phytosterol 
or foods containing phytosterol, no phytosterol is found in their fat, nor 
in the writer’s experience, in other tissues or organs. 

Isolation and Estimation of Cholesterol and Phytosterol. 
Examination of Ether Residues.—For the separation of cholesterol, 
phytosterol, and similar substance from animal or vegetable matter, 
the latter must be reduced to a dry friable substance, easily capable of 
extraction by ether or other solvents. Some substances may be 
simply dried in the oven and coarsely powdered; others, such as organs 
and flesh of animals, must be shredded and minced in a machine and 
then thoroughly ground in a mortar with sand before drying. Liquids, 
such: as blood, containing much coagulable proteid are conveniently 
mixed with sand and plaster of Paris in such quantity that the mass 
sets solid. The solid is then powdered. This method is also very 
convenient in the case of brain, eggs, etc. The dried substance should 
be exhausted with ether, as described on page 490. 

The ether extracts consist of fats, phosphorised fats, such as the 
lecithins, alcohols, such as cholesterol, phytosterol, etc., and indetermi- 
nate unsaponifiable matter. It has been stated by Dormeyer (Pjliiger’s 
Archiv., 1906, 61, 341-343) that the fat cannot be quantitatively 
extracted from animal organs in a Soxhlet’s apparatus with ether, 
and he recommends that the tissue be subjected to artificial gastric 
digestion before extraction. In the writer’s experience, however, 
if the material is properly prepared for extraction by the above 
methods and the extraction be sufficiently prolonged, this difficulty 
can be overcome. 

The ether extract, after distilling off the ether, is saponified by 
alcoholic solution of potassium hydroxide, the alcohol evaporated, 
and the unsaponifiable matter extracted from the aqueous solution of 
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the resultant soaps by agitation with ether in the manner described 
on page 490. When oils or fatty matters are to be examined, they 
may be at once saponified by alcoholic potassium hydroxide. The 
chief practical difficulty met with in this procedure is the formation 
of emulsions of soap solution and ether which sometimes persist for 
long periods. Further, large quantities of ether are required for com- 
plete separation of cholesterol from the soap solution. Many methods 
have been proposed by various writers to overcome these and other 
difficulties and to obtain the cholesterols in a state sufficiently pure 
for weighing. A detailed critical examination of these methods has 
been made by Ritter (Zezt. physiol. Chem., 1902, 34, 430), for an ac- 
count of which the original memoir must be consulted. 

Ritter recommends the following method: 

so grm. of fat are heated on the water-bath in a large porcelain basin 
with roo c.c. of alcohol and a solution of 8 grm. of sodium in 150 c.c. of 
99% alcohol. When the alcohol has volatilized, 75 grm. of sodium 
chloride are added and then so much water that the greater part of 
the mass dissolves. This liquid is evaporated to dryness, first over the 
naked flame, then on the water-bath, and finally in the drying oven 
at 80°. The residue is finely powdered, placed in a paper cartridge, 
and extracted with ether in a Soxhlet extractor during 9 hours. To 
remove traces of soap and glycerol the ether is distilled off, the residue 
dissolved in as little alcohol as possible, and reprecipitated by water. 
The ‘‘cholesterol”’ is collected on a filter and dried at 60°. The bulk 
of it is transferred to a weighed flask, and the last adhering particles 
are rinsed off with ether. The ether is evaporated and the residue 
dried at 100 to 120°. The method gives satisfactory results, provided 
no other unsaponifiable matter besides cholesterol or allied substances 
is present. 

The writer, however, prefers to use the method of saponification 
by means of sodium ethoxide proposed by A. Kossel and K. Obermiiller 
(Zeit. physiol. Chem., 1890, 14, 599). To the unevaporated ether 
extract, or the dilute solution of the fat in ether, an excess of sodium 
ethoxide in concentrated alcoholic solution is added, when the fat is 
saponified in the cold and the soap is precipitated—often in an easily 
filterable form. After standing several hours the soap is filtered off 
and thoroughly washed with a large excess of ether. The filtrate is then 
repeatedly washed in a separating funnel, first with water and then with 

a dilute solution of potassium or sodium hydroxide to get rid of alcohol, 
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glycerol, excess of alkali, and small quantities of soap that dissolve in 
the ether. The ethereal solution is then dried with calcium chloride, 
filtered, and the ether distilled off. If the soap is large in bulk, or if it 
happens to be difficult to filter, it is advisable to mix the soap (filter- 
paper included) with an equal weight of salt, partially dissolve and 
evaporate to dryness, as in Ritter’s method. The dry mass is pow- 
dered and re-extracted with ether. The ethereal extract may be added 
to the main filtrate from the soap. If the fat dealt with is liquid and 
rich in olein, the ethereal filtrate from the soap must be very thor- 
oughly washed, as alkali oleates are more soiuble in ether than other 
soaps. When no other unsaponifiable matter is present, the ether resi- 
due will consist of cholesterol and phytosterol and may be sufficiently 
pure to be weighed. Usually, however, this is not the case and further 
purification is necessary. The cholesterol in such a residue may be 
estimated by either of the methods of Lewkowitsch (Ber., 1892, 25, 
65-66). The first method depends on the quantitative formation of 
an acetate of cholesterol when the latter is boiled with acetic anhydride; 
the acetate is washed with warm water until no longer acid, and its 
amount estimated by boiling with alcoholic potash of known strength 
and titrating back with standard acid. 

The second method depends on the formation of a diiodide.. The 
cholesterol is dissolved in chloroform (50 c.c.) mixed with v. Hiibl’s 
solution of iodine and mercuric chloride in alcohol (25 c.c.), and the 
excess of iodine determined by sodium thiosulphate. The calculated 
iodine absorption values for cholesterol and phytosterol are 68.3. 
Lewkowitsch actually obtained for cholesterol, 68.09 and 67.3. 

In working with purely animal products the writer prefers to convert 
the cholesterol into the benzoate by the action of benzoyl chloride on 
the pyridine solution of the residue (see page 480) and weigh the 
recrystallised cholesteryl benzoate, in which case a correction may be 
made for the solubility in alcohol. 

Pure cholesterol can easily be distinguished from phytosterol by the 
form and grouping of the crystals. If both substances are present, 
the mixture crystallises in one form only, the crystals either approxi- 
mating to the form of phytosterol, or if cholesterol is present in the 
greater quantity, differing from the pure crystals of either body. 

Separation of Phytosterol from Cholesterol.—The presence of 
phytosterol mixed with cholesterol may be detected by the examination 
of the acetate. Cholesteryl acetate melts at 113°; phytosteryl acetate, 
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at 128°: both acetates form isomorphous mixtures and through the 
addition of phytosteryl acetate to cholesteryl acetate the m. p. of the 
latter is raised. 

A good method of separating cholesterol and phytosterol has been 
given by Windaus (Chem. Zeit., 1906, 30, 1011) depending on the differ- 
ent solubilities of the dibromides in a mixture of ether and glacial 
acetic acid. The best way of treating any given mixture will be 
gathered from the following description takea from his paper: 

1. A mixture of 4 grm. of cholesterol and 4 grm. of phytosterol was 
dissolved in 80 c.c. ether, and 80 c.c. of a solution of 5 grm. of bromine 
in 100 c.c. glacial acetic acid were added, and allowed to stand at 0° 
for r hour. The crystalline precipitate (A) which formed was filtered 
and washed with 4 c.c. glacial acetic acid and then with 4 c.c. of 50% 
acetic acid. The washings were added to the main filtrate when 
another precipitate (B) was obtained. A and B, after washing with 
water and drying, weighed, respectively, 3.7 and 1.4 grm. These pre- 
cipitates were mixed and heated under a reflux condenser with roo 
c.c. glacial acetic acid and 5 grm. of zinc dust for 2 hours; the excess 
of zinc was filtered off and the solution treated with a large quantity 
of water. The precipitate was boiled for two hours with 100 c.c. of 
10% alcoholic potassium hydroxide, and the cholesterol thrown out of 
solution by the cautious addition of water. After recrystallization 
from alcohol, 2.7 grm. of cholesterol, melting at 146°, were recovered. 
The filtrate from B, which contained the phytosterol dibromide was 
also heated for 2 hours with zinc dust, and the product treated in the 
same way as cholesterol. The yield of phytosterol was 2.8 grm. It 
melted at 134 to 136° and its acetate at 126 to 127°. 

2. In this experiment a mixture of 8 grm. of cholesterol with 0.8 
grm. of phytosterol was taken. The precipitate (A) weighed 8.1 grm., 
(B) weighing 1.82 grm. The solution which contained the phytos- 
terol-dibromide along with a little cholesterol-dibromide was treated 
as follows: zinc dust was added, the ether distilled off, and the remaining 
solution was boiled for 2 hours. The organic matter was thrown out 
of solution by the addition of water and taken up in ether. The 
ethereal solution was freed from acid by shaking with potassium hy- 
droxide, evaporated, the residue acetylated by boiling with acetic 
anhydride and the acetate twice recrystallized from alcohol. It 
melted at 125 to 127° and weighed 0.37 grm. 

3. In this experiment a mixture of 4 grm. phytosterol and 0.4 
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grm. cholesterol was taken and treated as before. On the addition 
of the solution of bromine in acetic acid no precipitate was formed, but 
a precipitate (A) settled out on the further addition of 11 c.c. of 50% 
acetic acid. ‘This weighed 0.14 grm. and consisted of pure cholesterol 
dibromide. It was washed with 2.2 c.c. of glacial acetic and 11 c.c. 
of 50% acetic acid. On the addition of the wash liquor to the main 
solution a precipitate (B) was thrown down weighing 0.24 grm. 
This was not quite pure. From the filtrate about 3 grm. of phytosteryl 
acetate was prepared. 

The methods of separation of phytosterol from allied substances 
of higher m. p. and from the aliphatic alcohols have not as yet 
been thoroughly worked out. Windaus and Hauth have, however, 
recently made an important advance in this direction by their separa- 
tion of the phytosterol obtained by Hesse from calabar beans into its 
constituents. (Hauth, Inaugural Dissertatiun, Freiburg, 1907). 
Hesse’s phytosterol melted at 132 to 133° and under the microscope 
appeared to be perfectly homogeneous. This substance was converted 
into the acetate. 20 grm. of this acetate was dissolved in 300 c.c. 
of ether and 250 c.c. of a 5% solution of bromine in glacial acetic acid 
added and the whole allowed to stand. A copious deposit of small 
hard crystals separated which was washed successively with glacial 
acetic, dilute acetic acid, and water. After recrystallization from 

- alcohol the material melted at 211 to 212°, and had the composition 
C,. H;. O, Br,. On reduction with zinc dust and glacial acetic acid 
an acetate was obtained which, after recrystallization from alcohol, 
melted at 141°. This acetate on saponification with alcoholic potas- 
sium hydroxide gave an alcohol of the formula C,, H,3 O, which was 
named stigmasterol, melted at 170°, and was sparingly soluble in most 
solvents, with the exception of ether and chloroform. In ether solu- 
tion it had a specific rotatory power (a), = —44.67°. The crystals 
were very similar to those of phytosterol and showed the typical 
colour reactions of the cholesterol group. 

The propionate melted at 122°, and the benzoate at 160°. 

The filtrate from the tetrabromide contained phytosterol acetate 
dibromide. This after reduction and saponification yielded pure 
phytosterol. The percentage of stigmasterol in the original material 
was 20%. 

The two alcohols, stigmasterol and phytosterol, are isomorphous 
and scarcely differ crystallographically. 
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From this work it would seem probable that the so-called isomers of 
true phytosterol which differ from it slightly in m. p. consist of 
phytosterol mixed with stigmasterol or similar substances. In the one 
other case examined—the phytosterol of rape oil—this inference 
proved correct (Windaus and Welsch, Ber., 1909, 42, 612). When 
the distribution of stigmasterol and like substances in the vegetable 
world has been more carefully studied, their presence or absence may 
form a useful test for the adulteration of one vegetable oil with another. 

For the approximate separation of the constituents of a complex 
ether residue, such as that yielded by ‘‘recovered grease” or the crude 
oleic acid obtained by the distillation of such products, Schulze (J. prakt. 
Chem., 1873, N. F., 7, 163) has given the following method: The ether 
residue is boiled for an hour or two with an equal weight of acetic 
anhydride. ‘The hydrocarbons, such as petroleum, vaseline, cerasin, 
and paraffin, are not dissolved, but form an oily layer on the surface of 
the acetic anhydride, and may be separated while the liquid is still hot. 
The acetic anhydride solution is boiled several times with water to 
decompose the excess of anhydride. The residue consists of acetates 
of the solid alcohols, and if boiled with sufficient alcohol will dissolve 
entirely, but on cooling the solution the cholesteryl acetate will crystal- 
lize out almost completely. The acetates of the alcohol radicals form 
sperm oil and the waxes remain in solution, and are precipitated as an 
oily layer by pouring the liquid into hot water. For the identification 
of wax alcohols, see article on Waxes. 


WOOL-FAT. WOOL-GREASE. 
SUINT. DEGRAS (U. S.) 


BY AUGUSTUS Hy GILL, Pa.D. 


Sheep’s wool contains a large amount of fatty matter of very pecu- 
liar character. Itis excreted by all parts of the skin, but is found most 
abundantly about the breast and shoulders. The crude “yolk,” 
as it is called, is largely soluble in water, and hence is removed by 
washing the wool, but the wool-fat or suint proper remains, and can 
be extracted by carbon disulphide, petroleum spirit, ether, or other 
‘suitable solvent. 

Thus obtained, wool-fat is a yellow or brownish grease, having a 

eculiar disagreeable smell. It melts between 39 and 43° and has a 
sp. gr. of about 0.973 at 15°. It possesses the remarkable property 
of forming a good emulsion with water, which when kept at the 
ordinary temperature exhibits no tendency to separate. Complete 
saponification of wool-fat cannot be effected by boiling with alcoholic 
potassium hydroxide except under pressure. It can, however, be 
quickly saponified by the method of Kossel-Obermiiller, using sodium 
ethylate prepared by dissolving 5 grm. of sodium in r1o c.c. absolute 
alcohol. 

Wool-fat has a complex composition; the exact nature of which 
is still unknown. Cholesterol and isocholesterol are present and 
potassium salts of several fatty acids, some of them volatile. Contrary 
to the usually accepted statements, Lewkowitsch (J. Soc. Chem. Ind., 
1892, II, 136; 1896, 15, 14) has found that wool-fat is not a mixture of 
cholesteryl and isocholesteryl stearates, palmitates, and oleates, as 
is shown by the low iodine absorption of both the fatty acids and the 
alcohols. The former were found to consist of hydroxy-acids, easily 
giving off the elements of water at temperatures little above 100° 
with formation of inner anhydrides or lactones.. Oleic acid, if pres- 
ent, is in small amount. Besides cholesterol, a considerable propor- 
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tion of lower saturated alcohols is present. No glyceryl esters have 
been found in wool-fat.. 

Darmstidter and Lifschiitz (Ber., 1897, 29, 2890), have reported the 
isolation of the following bodies: Lanoceric acid, C3.H6.O,, insoluble 
in water, but easily soluble in hot alcohol, from which it crystallises, on 
cooling, in plates of m. p. 103 to 105°; lanopalmitic acid, melting at 
87 to 88° and solidifying at 83 to 85° to a lustrous crystalline mass, 
and having the property of readily forming an emulsion with water; 
also carnatibic and myristic acids, an oily acid apparently oleic, and a 
volatile acid, possibly caproic. Among the alcohols, separated by 
absolute alcohol into several fractions, ceryl, carnaiibyl alcohol 
(saturated), and cholesterol were identifed. The investigations of 
G. de Sanctis (Chem. Zeit., 1895, 19, 651) point to the presence also of 
palmitic and cerotic acids. 

The results of Lewkowitsch’s inquiries into the nature of wool-fat 
(J. Soc. Chem. Ind., 1892, 11, 135; 1896, 15, 14) have led him to con- 
clude that it is a true wax in the strict sense of this generic term. 
Natural wool-fat resembles beeswax, its closest relative, in that it con- 
tains a considerable proportion of free acid and a small amount of free 
alcohols, besides true waxes, and the term wool-wax should therefore 
be substituted for wool-fat; but considering the fact that the com- 
mercial wool-fat is, as a rule, contaminated with fatty acids derived 
from the soap used in scouring the wool, it is more convenient to retain 
the term wool-fat for the commercial product. He proposes, there- 
fore, that the name wool-wax be given to the neutral portion of the 
wool-fat. This consists of a mixture of true wax and alcohols, the 
former predominating considerably. The name wool-wax appears all 
the more desirable, as this neutral portion is now obtained in large 
quantities, both in the anhydrous and hydrated state, and confusion 
with the crude wool-fat is thereby avoided. 

The following are the results of examinations made by Lewkowitsch, 


as well as some estimations made in <Allen’s lohoratony by W. 
Chattaway: 
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WOOL-WAX (ESTERS AND FREE ALCOHOLS). 


Lewkowitsch. Chattaway. 
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When extracted by means of solvents, wool-fat contains simply the 
constituents (fatty acids, neutral esters, alcohols, and potassium salts 


of lower fatty acids) natural to the wool. 


The following table repre- 


sents the results of examination of wool-fat extracted by ether (Her- 
big, J. Sec. Chem. Ind., 1894, 13, 1069): 


: Free Percentage of potassium 
Possum acid hydroxide for saponifi- | . 
ae Gaihens |) eleeise cation on heating for | Unsaponifi- 
Source ° lated to sium one hour able matter 
potassium By GrOR (alcohols) 
ide re- | 
oleate quired | Open flask | Closed flask 
| 
New Zealand wool..... 4.9 14.3 10.60-10.82| rr.05—-11.07| 43.66—-43.94 
Australian wool sha ie ame 4.24 S505 ROcae—TO. Sh EL AI — DE SA) u)s wei nel aoe 
South American wool. . 9.25 13.2 8.82— 9.14] 9.86— 9.89] 43.15-43.65 
Russian wool......... 24.4 13.9 WELT Jy fa 7.83} 9.4I-— 9.58) 38.72-39.10 


1 From raw wool-fat. 


Vol. II.—32 


2 Prepared from “lanolin.” 
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Wool-fat prepared by acidifying the suds obtained in the wool- 
scouring process is of irregular composition. Potassium salts of the 
lower fatty acids are present in but small quantity, since these are 
removed in the first stage of the process, which consists in steeping the 
wool in luke-warm water. In addition to the compounds mentioned 
above as naturally present in the wool, it may contain unsaponified 
fat and mineral oil which had been added to lubricate the wool and 
fatty acids derived from the soap used in scouring. The product ob- 
tained in this way is called recovered grease, wool-grease, brown grease, 
and Yorkshire grease. In the United States it is incorrectly called 
“dégras.” (For a description of true “dégras” see under that 
head.) 

The analysis of wool-fat requires a departure from the usual methods. 
The potassium and other mineral constituents can be estimated in 
the ash obtained on ignition. On saponifying the fat and extracting 
the soap in the manner described below, the alcohols, including 
cholesterol, are dissolved, recovered by evaporation of the solvent, and 
examined as described under ‘‘cholesterol.” By treating the 
soap with acid, the higher fatty acids will be obtained, while the 
lower fatty acids can be estimated by distillation in the usual way. 
Foreign saponifiable fats will be indicated by the presence of 
glycerol in the aqueous liquid separated from the fatty acids, and 
their amount will be roughly indicated by multiplying the glycerol 
found by tro. 

Free Fatty Acids.—These are measured by treating a weighed por- 
tion of the fat with alcohol, and titrating with standard potassium 
hydroxide in the usual manner; the amount may be calculated from 
the mean molecular weight. Lewkowitsch (J. Soc. Chem. Ind., 1892, 
II, 136) separates the free fatty acids for the estimation of the 
molecular weight as follows: The amount of alkali required for 
neutralisation is first ascertained by titrating a small weighed quantity 
of the fat. A larger weighed quantity is then dissolved in alcohol 
and nearly neutralised with the greater part of the alkali required, 
and the remainder is added cautiously until the solution becomes pink 
to phenolphthalein. The mixture of neutral fat and unsaponifiable 
matter, which rises to the surface, is dissolved in ether and separated 
from the soap solution, which is then repeatedly shaken out with ether. 
The ethereal extracts are united and washed repeatedly with water 
to remove all traces of soap. This stage of the process is very tedious 
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on account of the emulsification of the two liquids. There is also 
formed an intermediate layer, consisting of soap of a higher fatty acid, 
which is not soluble in water, but dissolves readily in boiling alkaline 
solution of soap of the other acids. It is separated by filtration. The 
free fatty acids are thus obtained in 2 parts, those of the dissolved 
soaps and those of the difficultly soluble soaps. The ether dissolved 
in the soap solution is distilled off and the fatty acids set free by 
acidulating with hydrochloric acid. The solid soap on the filter is 
treated with boiling water and hydrochloric acid for the same 
purpose. 

Cochenhausen (Ding. Poly. J., 1894, 292, 91, 112) modifies the 
above process as follows: The neutralised wool-fat is shaken with 
30% alcohol and the soap solution boiled down to dryness, dissolved 
in 50% alcohol, and exhausted with petroleum spirit. In this process - 
also insoluble soaps of higher fatty acids separate between the two 
layers as flocculent matter and must be filtered off. 

As noted above, wool-fat contains hydroxylated fatty acids, which, 
on heating to a temperature of 100° and over, lose the elements of 
water and form inner anhydrides or lactones. These are not com- 
pletely hydrolysed by aqueous solution of potassium hydroxide, which, 
if used for ascertaining the molecular weight on a sample which 
has been heated to dry it, would furnish results in excess of the 
truth. Error from this source is avoided by boiling the acids with 
standard alcoholic potassium hydroxide and titrating back the excess 
of alkali. In this way any anhydride which may be present is effectu- 
ally hydrolysed. 

Saponification-equivalent.—As already noted, wool-fat is not com- 
pletely saponified by simple boiling with alcoholic potassium hydrox- 
ide. Lewkowitsch (J. Soc. Chem. Ind., 1892, 11, 137) found that 
complete saponification could be effected by the use of 2N alkali 
under pressure. The fat and alkali should be contained in a 
copper flask tightly closed, placed in boiling water, and allowed to 
remain for from 1 to 2 hours, with occasional shaking. Identical 
results were obtained without pressure by the use of a freshly prepared 
solution of sodium ethylate. Herbig’s experiments (Ding. Poly. J., 
1894, 292, 42, 66) confirm these results so far as regards the saponifica- 
tion under pressure, but equally satisfactory results were not always 
secured by the use of sodium ethylate. Herbig found, further, that 
wool-fat contains esters that are easily saponified by alcoholic potassium 
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hydroxide, and that, working under definite conditions, constant 
numbers for these are obtained. Heating over the naked flame was 
found to effect the result much more rapidly than by means of the 
water-bath, and the action is complete at the end of one hour’s heating 
in a flask provided with a vertical condenser. By reason of its con- 
venience, this method is often employed in the commercial valuation 
of wool-fats. The table on page 497 shows some results obtained in 
this way compared with those obtained by saponification under pres- 
sure. In the latter estimation, 2N alkali was used and the ma- 
terials maintained at a temperature of 105 to 106°. 

Estimation of Unsaponifiable Matter—The separation of the 
ethereal layer from the aqueous solution of saponified wool-fat and 
recovered grease is troublesome, an intermediate stratum of a very per- 
sistent nature being formed. C. Rawson has suggested the following 
plan: 

The sample is saponified in the usual way, and the resultant solution 
is evaporated in a porcelain basin placed over a small flame. Toward 
the end of the operation some powdered sodium hydrogen carbonate 
is stirred in to neutralise the excess of alkali, and some sand also 
added. ‘The residue is then dried at 100° and exhausted with ether in 
a Soxhlet tube. The ethereal solution is then evaporated to dryness, 
the residue boiled with water, and the solution agitated with ether; or 
the ethereal solution is at once agitated with water containing a little 
sodium hydroxide to dissolve any soap it may contain, and then evap- 
orated to dryness and the residue weighed. 

A more satisfactory method is that of Herbig. From 1 to 2.5 grm. 
of the fat are boiled with N/2 potassium hydroxide for an hour, the 
excess of alkali neutralised with standard acid, and the whole 
washed into a beaker with boiling alcohol. The alcohol is evaporated, 
the solution heated to 70 to 75°, and the fatty acids precipitated with 
calcium chloride, the amount of which has been calculated from the 
saponification-equivalent. The precipitate is filtered off, well washed 
with dilute alcohol (z to 20), and dried on the filter in vacuo. When 
dry, it is extracted in a Szombathy extractor with freshly distilled ace- 
tone for 6 hours, after which the acetone is evaporated, the extract 
washed with ether into a platinum basin, the ether evaporated, and the 
residue, which consists of the unsaponifiable matter and of the esters 
which cannot be saponified by the ordinary process of boiling with 
alcoholic potash, dried at 105° and weighed. 
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The chief points to be observed are the purity of the acetone—the 
fraction boiling between 55.5° and 56.5° being used—and the tem- 
perature at which the calcium salts are precipitated. If too hot they 
fuse, and if too cold they become slimy, subsequent filtration being 
almost impossible in either case. 

It is advisable to extract the cork of the extraction apparatus with 
ether, alcohol, and acetone. 

For the estimation of the alcohols, free and formed by the saponi- 
fication, it is necessary to saponify under pressure, precipitate with 
calcium chloride, and extract with acetone as described. 

F. Ulzer and H. Seidel propose to ascertain, instead of the saponi- 
fication-equivalent, the total acidity number, as was recommended by 
Benedikt and Mangold in the case of wax. This number is the amount 
of potassium hydroxide (expressed as mg. per grm.) required to neutral- 
ise the mixture of fatty acids and fatty alcohols obtained by saponifica- 
‘tion and decomposition of the soap with acid. 20 grm. of potassium 
hydroxide are dissolved in 20 c.c. of water in a porcelain basin holding 
from 350 to 500 c.c., and the solution heated to boiling for about a 
minute, the heating continued on a water-bath until a thick. uniform 
soap is obtained, and the basin finally placed for 2 hours in the water- 
oven to complete the saponification. The soap is dissolved in about 
250 c.c. of boiling water and decomposed with 40 c.c. of hydrochloric 
acid previously diluted with water. The clear fatty layer is repeatedly 
washed with boiling water until the washings are free from acid, and 
then dried in the water-oven. From 5 to 6 grm. of the dry mixture of 
fatty acids and alcohols are weighed accurately and titrated with alcoholic 
potassium hydroxide with the precautions noted above in the determi- 
nation of the molecular weight. The authors conclude that for the 
technical examination of a wool-fat sufficient data are furnished by the 
estimation of the acid value (7. e., the mg. of potassium hydroxide 
required to neutralise the free fatty acids of one gram), the total 
acidity number, the iodine number, and the Reichert-Meissl number, 
together with a gravimetric determination of the unsaponifiable 
matter. : 

Lewkowitsch (J. Soc. Chem. Ind., 1892, 11, 141, and Chem. Anal. 
of Oils, Fats, and Waxes) gives the following data from the analysis of 
a wool-fat: The volatile acids were estimated by the Reichert process 
and their mean molecular weight assumed to be 104 (C,;H,;,0,). 
The total free and combined fatty acids were well washed to free 
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them from soluble fatty acids, and their molecular weight found to 
be 332. 


Volatile acids from z grm. required,.............. 0.124 c.c, normal KOH. 
Free insol. acids from z grm. required............ 0.586 c.c. normal KOH. 
. Total insol. acids from 1 grm. required........... 2.19 c.c. normal KOH. 
Combined insol. acids (by difference)..........--. 1.48 c.c. normal KOH. 
Unsaponifiable matter......-++e++ +s ee seers 20.47. 
And therefore., 
Volatile fatty acids=0.124X10.2=...........-++-+-- 1.20% 
Insoluble free fatty acids=0.586 X33 .2=. See LOUAGG 
Combined insol. fatty acids (Grae) =I. 48X33 edgar 3, 
Total unsaponifiable matter..........----....+---.--- 36.47% 
106 .31% 


The excess over 100% is of course due, in part at least, to hydration 
incident to the saponification. 

Lanolin.—On account of its property of forming readily with water, 
an emulsion, wool-fat, purified by various patented processes, has come _ 
into extensive use as a basis for ointments and salves. ‘Two prepara- 
tions are recognized by the British and United States Pharmacopceias— 
Adeps Lane and Adeps Lane Hydrosus. It is commonly known as 
“lanolin,” and consists of about 75 to 80% of wool-wax with 20 to 
25 % of water. It is usually white or slightly yellow, and of salve- 
like consistence. It does not turn rancid. According to Liebrich, 
it should be free from all traces of chlorine, metals, glycerol or its 
esters, soaps, Saline matters, and mechanically intermixed impurities 
or colouring matters, and it should not have any disagreeable odour. 
On rubbing on blue litmus-paper no reddening should occur. 

Distilled wool-grease is a product obtained by distilling wool- 
fat with the aid of steam, The lighter portions, ‘“olein,” separated 
by cooling, are used for lubricating wool, and the more solid fractions 
‘‘stearine,” in the manufacture of soap and candles. It has also been 
used to adulterate tallow. According to Lewkowitsch (J. Soc. Chem. 
Ind., 1892, 11, 142), but a small proportion of the esters originally 
present in the wool-fat are found in the distilled product, the greater 
portion being decomposed into fatty acids and hydrocarbons. 


Ci5H;;COOCi6H3;= C,;H,;;COOH+C,6H,,, 
Cetyl palmitate. Palmitic acid. Cetene. 
Smith (Ann. Chim. Phys., (3), 1842, 6, 40). The fatty acids, es- 


pecially the higher members of the series, are further dissociated into 
hydrocarbons and acids of lower molecular weight. Hydrocarbons are 


DISTILLED WOOL-GREASE. 503 


also formed by the decomposition of the free alcohols, a part of which, 
however, distil unchanged. The nature of these hydrocarbons is not 
well understood, it is, however, probable that they can be distinguished 
from hydrocarbons intentionally added by the estimation of the 
bromine addition and substitution numbers, the optical rotation and 
index of refraction. These constants, obtained on hydrocarbons 
separated from some distilled grease oleines by Gill and Mason 
(J. Am. Chem. Soc., 1904, 26, 665), are shown in the table below: 


Bromine 
: Refractive 
. Optical : z 
Oleine Sp. gr. * | re ratation me at 
Addition nr | 
Sapherstrncusatece. hin aces 0.896 28.8 14.2 +127° 58/ 1.4967 
BE DUTe Mes weiciercravieceesiyers 0.902 25.1 14.8 +17° 36’ 1.4991 
late tatede adhe teme: ae sokodcnall nck 21.5 16.8 +15° 13’ 1.4948 
DN (Gowbtralspusity) ea. cel|einveleiete tris: 3.8 9.0 + 2° 56’ 1.4921 
Mineraltoils) veiiicess ccna 0.848 to 4-4 to 5.6 to +1° 25’ 1.4662 to 
0.863 5.9 8.4 | 1.4750 


The extraction of these hydrocarbons is carried out as follows: 200 
grm. of the oil are saponified by boiling on a water-bath 2 or 3 hours 
with an excess of alcoholic potassium hydroxide (120 grm. to the liter) 
in a 750 c.c. flask, provided with a return flow condenser. When the 
saponification is complete the solution is transferred to a liter separa- 
tory funnel and shaken several times with 300 to 400 c.c. of redistilled 
gasoline (86° B.) The. soap solution is thrown away. The gasoline 
solution is concentrated to about 1/2 its volume and washed with 
warm water mixed with a little alcohol in the separatory funnel until 
all the soap is removed. The remainder of the gasoline is distilled 
off in the water-bath, and the residue heated to 130° in a porcelain 
dish to drive off the water and last traces of gasoline. 

From the saponification numbers of the different oils, the requisite 
amount of alcoholic alkali is calculated, and 100% excess employed. 
After the saponification, when gasoline is first added and the mixture 
thoroughly shaken, no separation occurs, even after several hours’ 
standing. Salt is without effect. Finally, water is added in small 
quantities until distinct layers formed. In washing the gasoline solu- 
tion water alone was tried, but did not appreciably dissolve the soap. 
When warm water, mixed with a little alcohol, was used, the soap 
dissolved readily. In heating the oil to 130° to drive off water, a 
very small flame or, better, an electric stove should be used, and the 
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oil constantly stirred to prevent bumping. A thermometer serves well 
as a stirring rod. 

The unsaponifiable oil is freed from cholesterol and other higher 
alcohols by boiling for an hour with 100 c.c. of acetic anhydride in a 
flask provided with a return flow condenser, and heated over a sand- 
bath. Water is added, and the solution transferred to a separatory 
funnel where it is washed with water and alcohol until the upper layer 
is clear and no odor of acetic acid is perceptible. The cholesterol and 
higher alcohols are dissolved by the acetic anhydride, leaving the 
hydrocarbons. 

After submitting the oils to this process, an estimation of their 
saponification number is made, and if more than o.2 c.c. of alcoholic 
potash is used up, the treatment with alcoholic potash and acetic 
anhydride repeated. 

The examination of distilled wool-grease is conducted upon the same 
general lines indicated in the case of wool-fat. Lewkowitsch obtained 
the following results from a sample obtained by the distillation of re- 
covered grease, the analysis of which is stated on page 502. 


Hreenattypaclds: emtyenyt-at eee oe Rete tae a en pararerats 54.91% 
Combined fatty acide hea: ie aes g0a, 
WinSapouitia lem ncn acts ccrsneleoe chal Sek nie <, oh cnearqara corey ewaae 38.80% 


For other analyses of distilled wool-grease see page 409. 

Alcoholic potassium hydroxide should be used in the determination 
of the molecular weight. 

The fatty acids may also be determined with sufficient accuracy by 
the usual gravimetric method. 
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Dégras is the waste fat obtained in the chamoising process and 
largely used in dressing leather. The chamoising process consists es- 
sentially in oiling the suitably prepared skins with whale or cod oil 
(z. ¢., the lower grades of codliver oil), stamping them in the stocks, 
and placing them in heaps, so that a fermentative change attended 
with development of heat is brought about. The process is complete 
when the skins have acquired the usual yellow colour of chamois leather. 
Under these conditions, oxidation of the oil takes place, and a portion of 
it combines with the skin, from which it cannot be removed by the usual 
solvents. About an equal quantity of uncombined oil is also mechani- 
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cally enclosed in the skin. After being well scraped with a blunt 
knife, by which much of the excess of oil is removed, the skins are 
washed with lye and the emulsion treated with acid; the fatty matter 
which rises to the surface is added to the oil already obtained by scrap- 
ing. The product so obtained constitutes the so-called “sod oil.” 
This is the method largely used in Germany and England. The fol- 
lowing process employed in France is also used in England to a con- 
siderable extent: The treatment by oiling, stocking, and fermenting 
is carried out for a shorter period, so that a larger proportion of un- 
combined oil remains in the skins. This is removed by wringing or 
hydraulic pressing, and constitutes the ‘‘moéllon” or ‘‘dégras” of 
commerce. The remaining uncombined oil is removed by washing 
with lye and treatment with acid, and is usually added to the product. 
The moéllon of commerce is said to be invariably mixed with untreated 
oils. Moéllon contains less fibre, mineral matter, and water than 
sod oil. 

Jean found that dégras (moéllon) contains from 10 to 20% of water, 
and that the property of forming an emulsion with water depends 
upon the presence of an oxidation product of the oil formed during 
the chamoising process. He describes it as a “resinous substance,” 
insoluble in petroleum spirit, but soluble in alcohol and ether. It is 
saponifiable, but, unlike ordinary fat, the soap formed is not pre- 
cipitated from alkaline solution by the addition of salt. The m. 
p. was stated to be 65 to 67°. Simand has given it the name dégras- 
former. According to him it is insoluble in petroleum spirit, benzene, 
and almost insoluble in ether. It is soluble in alkaline solutions, from 
which it is precipitated by the addition of acid. It was also found in 
all animal and marine oils. Fahrion regards it as a mixture of hydroxy- 
fatty acids and anhydrides. It is an oxidation product, and ex- 
perience has shown that those marine animal oils which absorb oxygen 
readily are the most suitable for the preparation of dégras. Fahrion 
found an iodine-absorption of 65.9% in dégras-former. Ruhsam 
found 98.8% in sample No. 1 on page 510. According to Fahrion, 
dégras-former contains no nitrogen, that found by Eitner being due to 
impurities. 

Dégras-former is said not to exist in the free state in dégras, but 
forms a part of the saponifiable matter which is readily soluble in 
petroleum spirit, in which the dégras-former itself is insoluble. 

Baron (Rev. Chim. Ind., 1897, 8, 225) prepares an artificial dégras as 
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follows: 1000 kilos of neutral wool-fat (extracted by petroleum spirit) 
are placed in a tinned steel vessel with 5000 kilos of cod or whale oil. 
The liquid is heated by a steam coil, agitated for 3 hours, then allowed 
to rest and cool for the same period, and the water withdrawn. The 
water is again heated to 40°, 150 kilos of hydrogen peroxide and 450 
kilos of water added, and the whole agitated for 5 hours at a pressure 
of 2 atmospheres. The resulting product is said to form an excellent 
moéllon, having a yellow colour and being easily emulsified and ab- 
sorbed by the skins. It is important that the wool-grease be free from 
sulphuric acid, lest this should dissolve traces of iron, and so cause 
darkening of the leather. 

Examination of Degras.—Waier is ascertained, according to 
Simand, by weighing 25 grm. of the sample in a tared porcelain basin 
provided with a short thermometer as stirrer, adding 50 to 100 grm. of 
blubber or other oil previously dried by heating to 105°, heating the 
mixture to the same temperature, and determining the loss in weight. 
Ruhsam makes the estimation by heating 2 to 3 grm. of the sample 
in a weighed platinum crucible until an empyreumatic odor indicates 
the complete dehydration of the fat. 

French dégras usually contains from 10 to 20% of water; sod oil 
may contain as much as 40%. 

Free Acid.—Mineral acids may be detected as described on page 
g. The amount is estimated by boiling a weighed quantity of the 
sample with water and separating the watery solution, which will con- 
tain the mineral acids as well as any soluble fatty acids; the deter- 
mination of the former is made by adding methyl-orange and titrating 
with standard alkali until the point of neutrality is reached. The 
soluble fatty acids are then determined by adding phenolphthalein and 
titrating a second time. 

Free fatty acids may be estimated in the residue insoluble in 
water by dissolving in alcohol and titrating as usual. They are 
usually calculated to oleic acid. 

Ash.—This is estimated in the usual manner. It should be tested 
for iron. According to Simand, even as low a proportion as 0.05% 
of ferric oxide has a distinctly injurious effect. 

The ash of moéllon is usually less than 0.1%; that of =od oil may 
amount to several %,. 

Fragments of hide may be estimated in the residue left from the. 
solution in petroleum spirit, which is dried,. weighed, and incinerated. 
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The loss on incineration may be taken to represent, roughly, the hide 
fragments. 

Unsaponifiable matter may be estimated in the usual manner as 
described on page 79. 

Degras-former.—Simand makes the estimation as follows: 20 
to 25 grm. of the sample, according to the amount of water present, 
are saponified in an Erlenmeyer flask, with a funnel placed in the 
mouth, using a solution of about 5 to 6 grm. of solid sodium hydroxide 
in 10 c.c. of water and 50 to 60 c.c. of alcohol. The alcohol is evapor- 
ated, the soap dissolved in water, and the fatty acids liberated by 
hydrochloric acid. ‘The liquid is then warmed until the fatty acids 
have formed a clear oily layer and the dégras-former has collected in 
lumps. It is then allowed to cool and the acid water separated from 
the undissolved portion This latter is washed several times with 
boiling water, the washings added to the acid liquid, and the mass 
remaining in the flask (consisting of the dégras-former, fatty acids, 
and unsaponifiable matter) is dried at 105°. The acid liquid and 
washings are neutralised with ammonium hydroxide, evaporated to 
dryness, redissolved in a small amount of water, the solution feebly 
acidified with hydrochloric acid and the small amount of dégras- 
former thus obtained (which had been dissolved in the aqueous liquid) 
separated by filtration, washed, dried, and added to the contents of the 
flask. It is then extracted with 100 to 120 c.c. of petroleum spirit, 
which dissolves the fatty acids and leaves the dégras-former and some 
albuminous matcrials. ‘The residue is dissolved in alcohol by warm- 
ing, the solution filtered, the filtrate evaporated to dryness, and the 
residue weighed as dégras-former. ‘The process is said to be accurate 
within 0.5%. The petroleum spirit may be evaporated and the 
residual fatty acids weighed and examined. 

Dégras, according to Simand, is pure and genuine only when it 
contains at least 12% of dégras-former. It may contain as much as 
To: 

Jean ascertains the proportion of “resinous substance” as follows: 
A weighed quantity of dégras is saponified and the watery solution or 
the soap extracted with ether to remove the unsaponifiable matters. 
The soap solution is boiled to drive off the ether, and precipitated while 
hot with excess of pure sodium chloride. After cooling, the coloured 
liquid is filtered from the separated soap, the filtrate collected in a 
flask, and acidified with hydrochloric acid. The ‘resinous sub- 
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stance’’ separates in flocks, which on boiling unite and adhere to the 
side of the flask. The liquid is cooled, shaken out with ether, the 
ethereal solution evaporated, and the residue dried and weighed. 

Jean considers that a sp. gr. of the oil extracted from dégras of less 
than 0.920 indicates the presence of foreign fats, e. g., wool-fat, oleic 
acid, and tallow. The sp. gr. of the oil from dégras made from fish 
and whale oil is given as 0.949 to 0.955. The presence of tallow is 
also indicated by the higher m. p. of the fatty acids. In the exami- 
nation of artificial dégras, Simand takes into consideration, in addition 
to the ash and water, the following points: 

t. The dégras-former, which may be derived from a small quantity 
of admixed true dégras or from the oils. 

2. The wool-fat. 

3. Hydrocarbons (vaseline). 

4. Colophony. 

To determine the dégras-former, Simand proceeds as with genuine 
dégras, but substitutes ether for the petroleum spirit, since the wool-fat 
acids are dissolved by the former in the cold. 

The estimation of the amount of wool-fat is as yet an unsolved 
problem. ‘The detection of cholesterol would not, in itself, suffice, as 
it is a natural constituent of the fish oils used in the manufacture of 
dégras. Lewkowitsch points out that by the ordinary methods of 
saponification, a portion of the wool-fat would probably be found in 
the unsaponifiable portion, and that by again saponifying under pres- 
sure a definite saponification value would point to the presence of 
wool-wax. 

Benedikt (Anal. d. Fette u. Wachsarten) states that by estimating 
the amount of cholesteryl acetate (see page 491) a very rough approxi- 
mation of the amount of wool-fat may be obtained. Wool-fat fur- 
nishes percentages of cholesteryl acetate varying from 9.59 to 18.71%. 

Resin may be estimated as on page 79, and hydrocarbons as on 
page 76. 

Jean gives the following example of examinations of dégras: 


SS a a ee, 
I 2 3 4 5 6 7 

ee 5G MSIE Lae eccrine re 18.90 | 14.84 | 12.93 | 28.90 | 19.20 5.39 8.90 
Sa arenceabeMiedoncastayvstayetevevasiane 0| 0.25 0.13 o.55 0.70 °. : z 

eee OT GER ae: e ee 0.30 ©.09 ° 73 ae eat ries 

Dc orey ao OL Noreen a aoe 9.71 .6 8 66 
Unsaponifiable matter..... % 6.84 Pa H teas Aveo on Rie Benne ore 
Resinous substance” ....%| 4.00 4.05 5.81 3.52 4.80 9 46. “16.15 
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Simand gives the following results: 
Se 


Original dégras 


Dégras- M. p. of 


Soa 
former, fatty P, |___ 
va acids, ° %o Se asa Water, 
0 2 
French dégras I so Boers 0.73 0.07 16.5 
2 18.43 28 5-29 ©.49 0.12 20.5 
Ltenbydrots) zB 18.10 BO- nes 0.68 0.18 3.0 
Sod oil F 20-57 | 33-534 3-95] 5-7 35.0 
D 18.63 Cf nlp Phs/ 3-45 5.9 28.0 
(anhydrous) 3 17.84 28.0-28.5 | 3.00 Aol 30.5 


The table on the following page give the results of an extended 
series of examinations of dégras by R. Ruhsam. Samples 1 to g are 
French artificial dégras; No. 10 is a so-called ‘‘emulsion fat’’; No. 1 
is a genuine dégras from the cod oil No. 12. 

The iodine-absorptions were estimated as usual, the insoluble fatty 
acids being first freed from dégras-former by solution in petroleum 
spirit. It will be noted that the figure for genuine dégras is much 
higher than that of the artificial samples. The acetyl values were 
estimated by the method of Benedikt and Ulzer, and are of value 
only for comparison with each other. 

The following shows the results of the examination of 12 sod oils 
found on the American market by Hopkins, Coburn, and Spiller (VJ. 
Am, Chem. Soc. 1899, 21, 291.) The results are calculated on the 
water-free oil and the acids in mg. potassium hydroxide per grm. of oil. 
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CLOTH OILS. ere 


CLOTH OILS. 


Cloth oil or wool oil is a trade term for all materials used in lubri- 
cating wool before spinning or rags before grinding and pulling. 
Since the success of the subsequent dyeing operations is in a great 
measure dependent upon the thoroughness with which these oils are 
removed by scouring, mineral oil, or, ‘in general, any unsaponifiable 
matter is objectionable. 

Mineral oils are emulsified by soap solutions and removed in great 
part, but not completely, by ordinary scouring (Matthews, J. Soc. 
Chem. Ind., 1905, 24, 659). With the better grades of goods even a 
small proportion of these oils is harmful, but with low grades it is 
permissible to use a strongly alkaline-soap by which the mineral 
oil is to a great extent removed. 

According to Horwitz (Farb. Zett., 1890, No. 11), cholesterol’ may be 
present in the cheapest grades of olive oil in sufficient quantity to 
cause spotting of the dyed fabric. A sample of oil used to lubricate 
a wool which exhibited this condition was found to contain 3% of 
cholesterol,’ and other samples were found to contain as high as 4%. 

Olive, lard, and neatsfoot oils and commercial oleic acid (“red oil,” 
“elaine,” “oleine”) are largely employed, and when of good quality 
are the most suitable. Besides these, however, wool-grease, distilled 
grease, and seek oil (the recovered grease from the scouring of various 
silk, woollen, and cotton goods) are employed. The cheaper oils 
in the market consist of one or more of the above, mixed with more 
or less mineral oil. So-called “‘emulsion oils,” consisting of oil 
or ‘‘olein,”’ held in suspension in a solution of soap, or of borax and 
Irish moss, and also simple solutions of soap are employed. The latter 
are prepared from castor oil or ricinolsulphuric acid. 

An important factor to be considered in judging of the suitability 
of an oil for this purpose is its liability to cause spontaneous combus- 
tion. All oils that absorb oxygen are dangerous in this respect. 
Mineral oils, while not open to this objection, are still considered dan- 
gerous by reason of the facility with which a fire, once started, will 
spread in their presence. An examination directed to these points is 
all the more important in view of the higher rate of insurance which may 
be charged in some countries when oils considered unsafe in this respect 


1 This unsaponifiable matter is probably phytosterol, as the researches of Lewkowitsch 
and Gill and Tufts (J. Am. Chem. Soc., 1903, 25, 498) have shown that cholesterol does 
not occur in olive and corn oils. 
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are employed. In Great Britain the rating is based upon the nature 
of the oil, the proportion of unsaponifiable matter, and the flash test. 
The lowest rate is charged when an olive oil, lard oil, or “oleine” 
- js used containing not more than 10% of unsaponifiable matter, or a 
fish or manufactured oil containing not more than 30% of unsaponi- 
fiable matter and having a flash-point not under 167°. The highest 
rate is charged in the presence of drying oils or 
of more than 50% of unsaponifiable matter. 

The “‘flash-point” of an oil intended for 
this purpose may be ascertianed easily by 
placing 50 c.c. in a porcelain dish or crucible, 
in a saad-bath, heating with constant churning, 
and noting the temperature at which a flash 
across the surface is produced when a small 
flame is brought near. 

A satisfactory test of the liability of an oil 
to inflame spontaneously may be made by 
Mackey’s ‘‘Cloth-oil Tester” (J. Soc. Chem. 


a 


l] 


Pell es Ind., 1896, 15,90; also Gill, ibid.,1907, 26, 185). 
RS This consists of a water-jacketed metal oven 
OS 24 


ad 


of the following dimensions: Outside, 8 in. 
high and 6 in. diam.; inside, 7 in. high and 4 in. 
diam. The tubesAandBare 1/2 in. internal 
diam. and 6 in. long measured from the lid. 
The depth inside with the lid on is 6 1/4 in. 
The lid is packed with asbestos wool, and the 
tubes serve to maintain a current of air. Care should be taken that the 
steam from the water jacket is neither drawn down B nor warms A. 
C is a cylinder of wire gauze (24 meshes to the in.) 5 by 6 in. forming 
a roll 6 in. long and 1 1/2 in. diameter. In it is placed 7 grm. of 
ordinary bleached cotton-wadding, previously impregnated with 14 grm. 
of the sample occupying the upper 4 1/2 in. of the cylinder. 

The water being brought to the b. p., a thermometer is inserted 
in the oiled cotton contained in the gauze cylinder, which is then 
placed in the bath, the thermometer being allowed to protrude through 
a cork in the opening shown in the lid. The water is kept boiling 
and the temperature read at the end of an hour. An oil attaining a 
temperature of roo° or over at the end of this time is to be re- 
garded as dangerous. The following are the results of experiments: 
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Temperature atthe end of 
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| | 
OW used | One hour | Onehour | Maximum 
| One hour | fifteen thirty | 
| minutes minutes | 
| \. a ; Te : 
Cottonseed ce akten ete ee eee ah ne | 425 DS ca i eee 242 in oe 
Cottoriseed thie etn ta mee ae | I2I | 242 282 | 284in x 35 
Cottonseed: eats ae eer tae 128 212 | 225 225 in I 30 
Cottonseed (eect ctrde tence eats 124 | ZION & |e rane ce 248 in i 35 
Cotbonseed ivy chen cele er | 116 | 192 200 200 in I 30 
Cottonseed {ieee atta es haatnee 118 IQI 202 | 202in Ir 30 
Cottonseed nite one eo | 117 190 194 | 194in xr 30 
ee ee PRS pe ake poe etait | T12 177 204 ae int 45 
PLE LUV: ACS ey nn niatecdere orate un ear It Ter 7 ae laity Na eect 
ran Aneee ede Sette Seager cole orelapenays ane rhe j Seiat ai oi bas in ; ee 
S Ver TOULY OCIOS. cc naccanacc cute ate ol 102 I | 208 226 in 
White Australian olive ...... , | 103 at | 19oT 230 in : re 
Olive, with 1% free fatty acid... ae 98 | 102 104 | 241 in 3 25 
‘‘ Oleine ete oe eee eet ee seen cence 98 | IOL 102 Iroin2 8 
97% oleine’ Pie hats avetetey hos saersyet lets: 98 100 Io2 172 in 3 15 
elgiatiOlein ent tyre ton tern ation ciel 98 99 100 173 in 3 16 
Olivewmentral eee cst toa lanters ter 98 I0o Ior 235 in 5 15 
OUNCES tinct Gonopomonn ockeogennoar | 97 100 Ior 228 in 4 30 
Olive; newtral ti. cutscenes wale es OY ae lontee te ets Ior 235 in 4 55 


Chemical examination of cloth oils is by application of principles 
and methods already given. An estimation of unsaponifiable matter 
is important, and if hydrocarbons are present the flash-point should be 
ascertained. The iodine number will aid in the detection of drying oils. 
The examination of commercial oleic acid is given in detail on page 
406; it is to be especially tested for unsaponifiable matter and for lin- 
seed-oil acids. Resin should be looked for in the fatty acids separated 
from the saponifiable portion as described on page 77. See also under 
““Wool-fat” and ‘Distilled Wool-grease.”” Free mineral acid, which 
is especially apt to be present in commercial oleic acid, is objectionable 
on account of its corrosive action on card-teeth. 

In the case of ‘emulsion oils” the fatty matter may be separated 
by treatment with acid and examined as above. Gelatin or gummy 
matters used in preparing the emulsion may be separated by addition 


of alcohol. 
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ABSORPTION spectra, 42 
Acetyl value, 32 

Acid value, 9 

African fish oil, 222 
Alcoholysis of fats, 13 
Alizarin oil, 167 

Almond oil, 69, 102 
Alpha-amyrol, 488 

Alstol, 488 

Anthesterol, 488 

Animal oils, marine, 67, 73 
Apricot-kernel oil, 69, 105 
Arachidic acid, 93, 372 
Arachis oil, 69, 91 
Amidol, 488 

Asellic acid, 488 


BaGAssEs oil, 106, 119 
Base oil, 38, 361 
Bassia tallow, 71, 176 
Bechi’s test, 136 
Beech oil, 70, 131 

nut oil, 70, 131 
Beef fat, 72 

Beeswax 73, 242, 268 
Behenic acid, 372 
Benne oil, 141 
Beta-amyrin, 488 
Bishop’s method, 38 
Black mustard oil, 69, 120 
Blown oil, 38, 361 
Boiled oil, 353 

Bone fat, 72, 204 
grease, 72, 204 
—— tallow, 72, 204 
Bottlenose oil, 73, 240 
Branicastrol, 488 
Brassic acid, 373 
Brazil nut oil, 70, 132, 
Bromine absorption, 26 
thermal value, 60 
—— value, 26 
Brusmer oil, 221 
Butter, 302 

cacao, 71, 176 
-— fat, 72, 279 
galam, 71, 187 
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Butter, goa, 71, 182 
Illipé, 176 
kokum, 75, 182 
—— mahua, 176 

— mohwah, 176 
—— mowrah, 176 
nutmeg, 71, 182 
—— phulwara, 71, 187 
shea, 71, 187 


Cacao butter, 71, 176 
group, 66, 71 
Cameline oil, 70, 132 
Candlenut oil, 70, 148 
Caprylic acid, 372 
Carnahuba soap, 73, 261, 270 
Carnauba wax, 73, 261, 270 
Carnaubic acid, 496 
Caratol, 485 
Casimirol, 488 
Castor oil, 71, 159 
group, 66, 71 
soluble, 36 
Cedar nut oil, 70, 148 
Cerotic acid, 372 
Cetin, 274 
Cetyl alcohol, 274 
Chinese insect wax, 73, 272, 
vegetable tallow, 71, 181 
wood oil, 70, 154 
Chironol, 488 
Cholesterione, 482 
Cholesterol, 479, 488 
alcohol. 479 
—— chloride, 481 
detection of, 484 
—— dibromide 480 
esters, 480 
vegetable, 444 
——- yeast, 488 
Clionasterol, 486 
Cloth oils, 51 
Coalfish oil, 221 
Coconut oil, 72, 187 
group, 66, 72 
oleine, 188, 190 
stearine, 71, 188, 190 
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Codliver oil, 73, 213 
Cohesion figures, 41 
Coldwater soap, 420 
Colour tests of oils, 40 
Colza oil, 69, 122 
Corn oil, 70, 139 
Cotton oil stearin, 134 
—— seed, stearin, 134 
— oil, 70, 132 
group, 65, 7° 
Crampfish oil, 223. 
Cress-seed oil, 70, 139 
Critical temperature, 63 
Croton oil, 71, 172 
Curcas oil, 71, 173 


DEGRAS-FORMER, 505 
French, 502 

—— true, 504 
Demargarinated oils, 107 
Digitonin-cholesteride, 481 
Deeglic acid, 373 

Deeglin oil, 73, 240 
Dogfish oil, 223 

Dolphin oil, 242 

Drying oils, 35, 65, 70, 343 


EARTHNUT oil, 69, QI 

Egg oil, 202 

Elaidic acid, 405 

Elaidin reaction, 39 
Elaine, 511 

Electric conduct of oils, 45 
Eleomargaric acid, 374 
Emulsion oils, 511 
Ergosterol, 488 

Eruca sativa seed oil, 69, 121 
Erucic acid, 373 
I’xpansion coefficients, 49 


Fat, beef, 72 

= DULier. 72,270 
Se Omse, 7.2, 200 
——- mutton, 72; 207 
—— Tangkawang, 176 
— wool, 495 

Fats, animal, 66, 72 
—— classification of, 64 
——— composition of, 7 
—— estimation of, 4 

= — extraction 01,3 
—— identification of, 84 
—— purification of, 3 
—— solubilities of, 61 
vegetable, 66, 72 
Ficocerylic acid, 372 
Firseed oil, 70, 151 

Fish oils, 226 

liver oils, 221 
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Gata butter, 71, 187 
German sesame oil, 70, 132 
Ghedda wax, 268 
Singili oil, 70, 141 
Glycerides, 8 
—— mixed, 8 
Glycerin, 447 
candle, 466 
—— crude, 466 
distillation, 467 
—— distilled, 471 
—— dynamite, 471 
—— pure, 467 
—— raw, 466 
—— soap-lye, 467 
Glycerol, 447 
— detection of, 453 
—— esters, 452 
—— estimation of, 455 
Glycerophosphoric acid, 452 
Goa butter, 71, 182 
Grapeseed oil, 71, 175 
Grease, brown, 498 
—— recovered, 498 
— wool, 498 
-——-—— distilled, 502 
-—— Yorkshire, 498 
Groundnut oil, 69, 91 


HADDOCK oil, 221 
Hake oil, 221 
Halphen’s test, 135 
Hazelnut oil, 69, 105 
Heat of combustion, 45 
Hehner value, 20 
Hempseed oil, 70, 150 
Herring oil, 226 

Hoi oil, 221 
Homo-elestranol, 488 
Horse fat, 72, 206 
Hiibl’s method, 30 
Hydrocarbons in oils, 79 
Hydrocaratol, 485 
Hydrolysis, 10 

Hyenic acid, 372 
Hypogeic acid, 373 


Illipé butter, 176 

Indian beeswax, 268 
mustard oil, 69, 121 
Insoluble bromides, 28 
Iodine absorption, 26 
-—— value, 29 

Isocetic acid, 372 
Isolinolenic acid, 374 
Isodleic acid, 373 
Isoricinoleic acid, 160, 374 


JamBa oil, 69, 130 
Japanese wood oil, 70, 154 


Japan fish oil, 73, 224 
wax, 72, IQI 
Jecoleic acid, 373 


KATCHUNG oil, 91 
Koettstorfer method, 14 
Kokum butter, 71, 182 


LACTINE, 188 
Lallemantia oil, 70, 151. 
Lanolin, 502 

Lanoceric acid, 496. 
Lanopalmitic acid, 496 
Lard, 317 

oil, 72, 197 

group, 66, 72 
Laurel oil, 71, 182 
Lauric acid, 372 
Laureol, 188 
Leffmann-Beam method, 2: 
Lignoceric acid, 93, 372 
Linseed cake, 326 

— oil, 70, 323 

—— boiled, 353 
Linoleic acid, 350, 374 
Linolenic acid, 352, 374 
Lithographic varnishes, 356 
Livache’s method, 36 
Lupeol, 488 


Macassar oil, 72, 194 

' Madia oil, 70, 139 
Mafura tallow, 71, 182 
Mahua butter, 176 
Maize oil, 70, 139 
Malabar tallow, 71, 187 
Mangosteen oil, 71, 182 
Margarine, 313 

. Marine animal oil, 67, 73 
soap, 418 
Maumené’s test, 58 
Melissic acid, 372 
Melon oil, 230 

Melting points, 51x 
Menhaden oil, 73, 224 
Moéllen, 505 

Mohwah butter, 176 
Mowrah seed oil, 176 
Mustard oil, black, 69, 120 
detection of, 316 
white, 69, 120 
Mutton fat, 72, 207 
Myricin, 244 

Myricy! alcohol, 244 
Myristic acid, 372 
Myrtle wax, 72, 194 


NIGER oil, 70, 151 
seed oil, 70, 151 


INDEX. 


Nitroglycerin, 452 
Nucoline, 188 

Nutmeg butter, 71, 182 
Nut oil, 70, 157 


Octoic acid, 35 
Oil, Alizarin, 167 
apricot kernel, 69, 105 
—— almond, 69, 102 
—— arachis, 69, 91 
—— bagasses, 119 
base, 38, 361 
beech, 70, 131 
nut, 70, 131 
—— benne, r4r 
—— blown, 361 
—— bottlenose, 73, 240 
—— Brazil nut, 70, 132 
—— brusmer, 221 
—_ cameline,70,. 03/2 
—— candlenut, 70, 148 
——.caStor, 7I, 159 
soluble, 361 
—— cedar nut, 70, 148 
= Cloth ete 

—— coalfish, 221 

— coconut, 72, 187 
== cOdliver,73,.203 
—— colza, 69, 122 
—— corn, 70, 139 
—— cottonseed, 70, 132 
—— crampfish, 223 
cress seed, 70, 139 
== curcas, 71, 173 
aj ary deegling, 73, 24° 
—— dogfish, 223 
—— dolphin, 242 
earthnut, 69,91 
C88, 203 
eruca sativa, 69, 121 
gingili, 70, 141 
grapeseed, 71, 175 
—— groundnut, 69, gt 
haddock, 221 
—— hake, 221 
—— hazelnut, 69, 105 
hell, 106 
—— hempseed, 70, 150 
—— herring, 226 
hoi, 221 
Indian mustard, 69, 121 
—— Jamba, 69, 130 
Japan fish, 73, 224 
—— lallemantia, 70, 151 
lard, 72, 197 
laurel 71, 182 
ling, 221 
linseed, 70, 323 
—— macassar, 72, 194 
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Oil, madia, 70, 139 
maize, 70, 139 
—— mangosteen, 71, 182 
—— melon, 230 
—— menhaden, 73, 224 
—— mowrah seed, 176 
— mustard seed, black, 69, 120 
white, 69, 120 
neatsfoot, 72, 200 
—— higer, 70, 151 
seed, 70, 151 
=a Wut, 7o, 157 
olive, 69, 106 
— kernel, 118 
oxidised, 38 
palm, 71, 182 
— kernel, 72, 195 
—— peach kernel, 69, 105 
—— peanut, 69, 91 
——— pinenut, 70, 151 
—— plum-kernel, 69, 105 
POPPY, 79, 152 
seed, 70, 152 
porpoise, 73, 230 
pumpkin-seed, 70, 141 
radish seed, 69, 121 
rape, 69, 122 
ravison, 13 
red, 511 
safflower, 70, 157 
sardine, 73, 224 
seal, 73, 226 
sesame, 70, 141 
German, 70, 132 
shark-liver, 73, 222 
skate-liver, 220, 221 
sod, 504 
soja bean, 70, 146 
sperm, 73, 230 
sturgeon, 226 
sunfish, 223 
—— sunflower, 70, 154 
tallow, 72, 202 
tea seed, 69, 119 
teel, 70, 141 
—— theobroma, 71, 176 
-—— train, 73, 227 
—— tung, 70, 154 
—— Turkey-red, 167 
walnut, 70, 157 
—— whale, 73, 227 
—— wheat, 70, 147 
—— whitefish, 226 
—— whiting, 221 
wood, Chinese, 70, 154 
Japanese, 70, 154 
Oils, absorption spectra of, 42 
—— hbase, 361 
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Oils, blown, 361 

cloth, 511 
cohesion-figures of, 41 
—— colour tests of 40 
composition of, 7 
demargarinated, 107 
—— drying, 35, 65, 343 
electric conduct of, 45 
emulsion, 511 
estimation of, 4 
expansion of, 49 
extraction of, 3 
oxidised, 361 
purification of, 6 

heat of combustion of, 45 
identification of, 84 
marine animal, 67, 73 
melting point of, 51 
non-drying, 85 

optical activity of, 45 
oxidation of, 35 
refractive power of, 42, 44 
semi-dying, 85 

specific gravity of, 46, 86 
solidifying point of, 51, 55 
—— solubilities of, 61 

——- temperature tests for, 58 
viscosity of, 46 
Oleasterol, 488 

Oleates, 410 

Oleic acid, 373, 402 

esters, 412 

Olein, 502 

tallow, 202 

Oleine, 511 

coconut, 188, 190 
Oleins, animal, 66, 72 
vegetable, 64, 69 
Oleomargarine, 313 
Oleorefractometer, 43 
Olestranol, 488 

Olive oil, 69, 106 

kernel oil, 118 

oil group, 64 

Onocerol, 488 

Oxidation of oils, 35 
Oxidized oil, 38 
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PALMITATES, 397 
Palmitic acid, 372, 395 
—— este€rs, 397 
Palm kernel oil, 72, 195 
nut oil, 72, 195 
oil, 71, 182 
detection of, 310 
Paraphytosterol, 488 
Peach kernel oil, 69, 105 
Peanut oil, 69, or 
Phulwara butter, 71, 187 
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Physetoleic acid, 373 
Phytosterol, 485 

—— acetate test, 301 
Pine nut oil, 70, 151 
Piney tallow, 71, 187 
Pisangcerylic acid, 372 
Plum-kernel oil, 69, 105 
‘Poppy oil, 70, 152 

seed oil, 70, 152, 
Porpoise oil, 73, 230 
Preservatives in butter, 310 
Pumpkin-seed oil, 70, 141 
Pyrene oil, 106 


Radish seed oil, 69, 121 
Rai oil, 121 

Rancidity, 313 

Rape oil, 69, 122 

—— group, 65, 69 
Rapic acid, 373 

Ravison oil, 69, 131 
Red oil, 511 

Refractive index, 42, 44 
Refractometer, 291 
Reichert-Meiss!-Polenske method, 294 
value, 23 

= EING, 22 
Ricinoleic acid, 160, 374 
Rosin, 76 

Rosin acids, 77 


SAFFLOWER oil, 70, 153 
Saponification, ro 

cold, 16 

—— glycerin, 460 

——— theory of, 12 

value, I4 
Saponified oils, 107 
Sardine oil, 73, 224 

Seal oil, 73, 226 

Sesame oil, 70, 141 
——— German, 70,132 
Shark liver oil, 73, 222, 223 
Olea. 220.1222 
Shea butter, 71, 187 
Sitosterol, 486 

Skate liver oil, 220, 221 
Soap, 415 

assay of, 421 

cold water, 420 
—— hard, 417 

—— marine, 418 

—— medicated, 423 
soft, 417 

Sod oil, 504" 

Soja bean oil, 70, 146 
Solidifying points, 51, 55 
Solubilities, 6x 

Soluble acids, 19 


Spermaceti, 73, 273 
group, 68, 73 
Sperm oil, 73, 232 
group, 67, 73 
Spongosterol, 486 
Spontaneous combustion, 38, 512 
Stearates, 399 

Slearic acid, 372, 393 
Stearic esters, 401 
Stearine, 502 

coconut, 188, 1go 
cotton oil, 134 
cotton seed, 134 
Stigmasterol, 488 
Stillingia tallow, 71, 181 
Sturgeon oil, 226 

Suint, 495 

Sulpholeic acid, 410 
Sunfish oil, 223 
Sunflower oil, 70, 154 


TALLOw, 72, 208 

—— bassia, 71, 176 
—— bone, 72, 204 
== BOIMCOe7 1. £70 
—— Chinese vegetable, 71, 182 
——_ group, 72 

—— mafura, 71, 182 
—— Malabar, 71, 187 
oil, 72, 202 

—— oleine, 202 

=. piney, 71; 187 
stillingia, 71, 181 
vegetable, 71, 181 


TANGKAWANG fat, 176 
Tea seed oil, 69, 119 
Teel oil, 70, 141 
Temperature tests, 58 
Titer test, 56 

Train oil, 67, 73, 227 
Tung oil, 70, 154 
Turkey-red oil, 167 


UMBELLULIC acid 372 


VALENTA test, 62 
Varnishes, lithographic, 356 
Vegetable cholesterols, 484 
oleins, 64, 69 

tallow, 71, 181 
Vegetaline, 188 

Viscosity, 46 

Volatile acids, 19 


WALNUT oil, 70, 157 

Wax, bees, 73, 242, 268 
carnauba, 73, 261, 270 
—— Chinese insect, 73, 272 
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Wax, Ghedda, 268 
Indian, 268 

= Hel oyal, Vey aioe 
myrtle, 72, 194 
wool, 496 
Waxes, composition of, 7 
liquid, 67, 73, 232 
solid, 67, 73, 232 
Whale foots, 228 

oil, 73, 227 
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Whale oil group, 67, 73 
Wheat oil, 70, 147 
Whitefish oil, 226 

White mustard oil, 69, 120 
Whiting oil, 221 

Wijs’ method, 31 

Wood oil, 70, 154 

Wollny method, 23 

Wool fat, 495 

wax, 496 


¥ 543.A42C 149095 vy VOe B 
I mA o73 
Ne Ag: 
| 


3 


~ 
Tis 


sient 
Teleis 


ie 


bid 
Tyleleteigte 
fare se 


ntatels 


t 
at 


a. shiry 
‘ 


elnh 
i 


tai 


+ 


Jelvie 
ie) 


i) 


thietetals 
vee gryy 

Sielgrets 

Pe A et 

ielelanece ese 

ttee 


Hey 
yet 


leleleie 


Perel 
aa 
Spbelecerecee eee 
e pinjaresaie att 
ws 


stebetete 


sities 
errs? 
eitte 


eieteelal 


pereree tt casi 


sisters 
tele 


eegieisiel? 
Haba ee seh taberererets 
teTaber 4 


ithe 
Pere ti tet 
eh) 


feist! 
hase 
Teleieis! 


rin ste 


eo gateente 


eigen t 


ie 


sieisisiel 
aTaiisit 


we pte 
ehedeieiae 

persons ie 

alk 


errirrial 
see ieieiet 
Vereteeeieitt 


1; stg stetyl 


i 
errr erred 


taletareser 
piste eoniet 
Tyledeletasede! 


atel 


Tal ee 
Telele’y %4! 
ve hat Sharerseah 


rapt sieisis 
res elhs ts reletsiese 
aTereisinies 
Teleseles 


wee 
areig'® 


Tors 
pelt telacaieists 
tetets 


ATI 


vesipinre 
aTelaty 
siaieie 


rie 
aiaiel 
oreees 


betstateleletent 


tteteles 
a Telelarat 


sisinawiatel 
+ 


eietalgige 
Sih tataty teehee 
fpbeteradel ey. 
14 


pe 


sbyieistet 
+) 


talatele 
staigie eel 
pepe pins 

tae 


sieistessiek 


Merete Tafatal 


picigtatere ere! 
* Siemee he tities 
Tlatelete 


Tlalaieiele 
slelede qieks 


ernest 
teint peer ery 
Slatsiets 
oe 
Siete height 
138 


seats 
paredal oie 
'. A 


wet eit: 
st 
eta 


Tatete 
Aieleferesst$ 
feel? 
iH 

siabele st 

teietets 

ae 


ih ets f ‘ 

bats 
f 
Tol 


beret 
rery 


vighelgiere 


teats + 


stebeie 


ere 
+ tbe where 


sleteiels 
peraras) 


Perrier eens 
weperrririibitaa 
sialeit 


Telede'efere 

erelgierepeiecyie te 
letele g efece ie! 

igi etotgisiet ere 
aigqrpiaieierergigiaisl tire? 

ieislelsieterei ec giele 
eielere els alebetet 

Si elebere Telaiss 

deem reieryiele ! 


pein 


TT teiyiadele 


Ietebgisieds 


sislersete 
eraisig 


of . 
ebedelapepe 


vee 


peisieee 
plete ehetete 

bre slesgint 
tieleleetols 


qisisigieigiers 
ph Ht 


aie 
pabeteaer pian 
Tet Sie etetete 


jeieie 
ats 
te) ereigitie 

vie 
+ sist 

" itt 

; 

inte leletete 

eteterorelt 


teh 


feiss ip 
seein giee 


a eheleera et 
Sie sisitio 


stelaverste 


tote PUTETIOE ERS Orit tetayetes 


tae 
tlstebedstyiy 
pare Si etelt 
Hele etait eet siete 
shelietelelgietars 
Tejeigiartis 


Peretirars 


a wigieletet eles 
sieisiseeses 


a tyiareteit 
FI 


at ; 
sletecece 
steisiel 
eosiels 
einteaie 
yes aiabe that 
pipereerey 
Tobe hebeseies 


th 


on cinie ' 
fab Tlstecyreceleletacedsbarece! tis tie 
erin iti sate actietere eliersay eteiele 

+4 stele teres Tetstecyis 


Piledwiecei tiene 
sists te 


Telettes 
Page 


pariretri ths 
tele 
cee 


Tyiete bivlase 

slesatriaieier® 
se git a 
Brecriis 


slepelees 4 


Taletere  ereseres 
sivietete. 


aigretet 

fate zeh 
Tha, 

feteivisigh 

bigieee i. 


i 
ee eee 


* 
. 

sheteoere 
tt Persie) 


whetereret ‘ 
Tots lalutatergirsitiejereaieieee 
tT oes 


Biber teretgt 
TWisketsteiessteraie 


weleieleter 


i 


iin 


rete. 


Ma rena 


astaies 
siereis 


teimielajerss iti? 


sie celeleitéel sist? 
Tt tuatels 


pererary 


Tereiernis 


ore 
prereatat 


ale 
es yeters 


iiitelaleieieie 
tas 


alsieis 
eteeisie 
salelaielel 


gieialetele 
felsieles 
eit late 


ci thetaiele git 
fe ersigest 
jedelaisitizty 
shee 

gle telefaeeiniettle eineaeal® 


; rete ltpleta lets 
sleleialgigieleials 
elelelere giants ates & 
‘ale feletts 

slp eteioie. tire 
segigierstaly 
sisisisivinitin'e 
; wlelgieey 


ute 


rinrearery 


1 


Telelalet 


sinks 


sit ved 


te tyes 
if felets 


Ih 
isfete! 
+ 
eine wielee 13 
fesse . 
eietsts 


mae it 
PrP jele rqiecee 
fry 


4eael 
theta 


Talele 


sigigitiels 


dehti 


